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Chapter XVI. 


STRUCTURE OF THE LANCELET AND THE SEA-SQUIRT 


In turning from the embryology to the I 
phylogeny of man—from the development 
of the individual to that of the species - ! 
we must bear in mind the direct causal 
coinfection that exists between these two j 
main brandies of the science of human | 
evolution. This important causal nexus I 
finds its simplest expre^ion in “ the j 
fundamental law of organic development j 
the content and purport of which we have 
fully considered in the first chapter. I 
According to this biogenetic law, onto¬ 
geny is a brief and condensed recapitula¬ 
tion of phylogenjf. if this compendious 
reproduction were complete- in all cases, 
it would be very easy To construct the 
whole story of evolution on an embryonic 
basis. When we wanted to know the 
ancestors of any higher organism, and, 
therefore, of man -to know from what 
forms the race as a whole has been evolved 
—we should merely hav'e to follow the 
series of forms in the development of the 
individual from the ovum ; w-^e could then 
regard each of the successive forms as 
the representative of an estinct ancestral 
form. However, this direct application 
of ontogenetic facts to phylogenetic ideas 
is possible, witliout limitations, only in 
a very small section of the animal 
kingdom. There are, it is true, still 
a number of lower invertebrates (for 
instance, some of the Zoophyta and 
Ve^Tialia) in which we are justified in 
recognising at once each embryonic 
form as the historical reproduction, or J 
silhouette, as it were, of an extinct 
ancestor. But in the great majority of 
the animals, and in the case of man, 
this is impossible, because the embryonic 
fotms themselves have been modified 
thr01i^gh the change of the conditions of 
existence, and have lost their original 
character to some extent. During the 
immeasurable course of organic history, 
the many millions of years during which 
life was developing on our plartet, secon¬ 
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dary changes of the embryonic forms 
have taken place in most animals. The 
young of animals (not only detached 
larv.x, but also the embryos enclosed in 
the womb) may he modified by the 
influence of the environment, just as well 
as the mature organisms are by adapta¬ 
tion to the conditions t>f life ; even species 
are altered during the embryonic devcloii- 
ment. Moreover, it is an advantage for 
all higher organisms (and the advantage 
is greater the more advanced they are) to 
curt.iil and simplify the original ct>ursc of 
development, and thus to oblitenilc the 
traces of their ancestors. Tlie higher the 
Individual organism is in the animal 
kingdom, the less completely does it 
reproduce in its embryonic development 
the series of its ancestors, for reasons that 
are as yet only partly known to us. Tlie 
fact is easily proved by comparing the 
different developments of higher an** 
lower animals in any single stem. 

In order to appreciate this important 
feature, we have distributed the embryo- 
logical phenomena in two groups, palin- 
g-enetic and ccnogcnctic. Under palin¬ 
genesis we count those facts of embryo¬ 
logy that we can directly regard as a 
faithful synopsis of the corresponding 
stem-history. By cenogenesis we under¬ 
stand those embryonic processes which we 
cannot directly correlate with correspond¬ 
ing evolutionary processes, hut must 
regard as modifications or falsifications of 
them. With this careful discrimination 
between palingenctic and cenogenetiq 
phenomena, our biogenetic law assumes 
the following more precise shape -The 
rapid and brief development of the indi¬ 
vidual (ontogeny) is a condensed synopsis 
of the long and slow history of the .stem 
(phylogeny) : this synopsis is the more 
faithful and complete in proportion as the 
original features have been preserved by 
heredity, and modifications have not been 
introduced by adaptation. 
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In order to distinguish correctly be¬ 
tween palingenetic and cenogenetic pheno¬ 
mena in embryology, and deduce sound 
conclusions in connection with stem- 
history, we must especially make a com¬ 
parative study of the former. In doing 
this it is best to employ the methods that 
have long been used by geologists for the 
purpose of establishing the succession of 
tile sediment.'iry rocks in tlie crust of the 
earth. This solid crust, which encloses 
the glowing central mass like a thin,shell, 
is composed of different kinds of rocks ; 
there are, firstly, the volcanic rocks which 
were formed, directly by the cooling at the 
surface of tlie molten mass of the earth ; 
secondly, there are the sedimentary rocks, 
that have bec|i made out of the former by 
the action of water, .and have been l.aid in 
siiicessivc strata at the hollom tif the sea. 
Kach of these sedimentary strata was at 
first a soft layer of mud ; but in the course 
of thousands of years it condensed into a 
solid, hard mass of stone (sandstone, 
limestone, marl, etc.), and .at the same 
time permanently preserved the solid and 
Imperishcdile bodies that had ch.uiced to 
tall itito the soft mud. Among these 
ln)dles, which were either fossilised or left 
characteristic impressions of their forms 
in the soft slime, we have especially 
the more solid parts of the animals and 
plants that lived and died during the 
deposit of the slimy strata. 

Hence each ot the sedimentary strata 
has its characteristic fossils, the remains 
of the animals and plants that lived 
during that particular period of the earth’s 
history. When we make a comparative 
study of these strata, wc c:in survey the 
whole series of such periods. All geo¬ 
logists are now agreed that we can dc- 
monstr.'de a definite historial succession 
in the stratji, and that the lowest of them 
were deposited in very remote, :ind the 
uppermost in comparatively recent, times, 
llowever, there is no pait of the eaith 
where wc find the series of strata in its 
entirety, or even .ipproximately complete. 
The succession of strata .and of corres¬ 
ponding historical periods generally 
given in geology is an ideal ci>nstruc- 
tion, formed by piecing together the 
various parti.al discoveries of the succes¬ 
sion of strata that have been m.ade at 
different points of the earth's surface (cf. 
Chapter XVIII.). 

We must act in this way in constructing 
the phylogeny of man. We must try to 
piece together a fairly complete picture of 


the' series of our ancestors from the various 
phylogenetic fragments that we find in 
the different groups of the animal king¬ 
dom. We shall see that we are really in 
a position to form an approximate picture 
of the evolution of man and the mammals 
by a. proper comparison of the embryology 
of very different animals- a picture that 
wc could ne\’er have framed from the 
ontogeny of the mamfiials alone. As a 
result of the abovc-menlioned cenogenetic 
processes—those of disturbed and curtailed 
heredity—whole scries of lower stages 
have dropped out in the embryonic de¬ 
velopment of man and the other mammals, 
especially from the earliest periods, or 
been falsified by modification. But we 
find these lower stages in their original 
purity in the lower vertebrates and their 
invertebr.'ite ancestors. Especially in 
tlie lowest of all the vertebrates, the 
lancelet or Amphioxus, wc have the 
oldest stem-forms completely preserved 
in the embryonic development. We 
also find important evidence in the fishes, 
which st.and between the lower and 
higher vertehr.ites, and throw further 
light on the course of evolution in certain 
periods. Next to the fishes come the 
amphihi.i, from the embryology of which 
we can also dniw instructive conclusions. 
They represent the Ir.insition to the higher 
vertebrates, in which the middle and 
older stages of anceslnil development 
h.'ive been eitlier distorted or curtailed, 
but in wliich v\e find the more recent 
stages tT the ph)'logenetic process well 
preserxed in ontogenx. We are thus in 
a position to form ,i fairly complete idea 
of the past development of man’s .ancestors 
within the vertebrate stem by putting 
together and comp.'iring the embryo- 
logical dexelopmenls of the various gn'oups 
of vertebrates. And when we go below 
the lowest vertebrates and compare their 
embryology with that of their invertebrate 
rel.'itives, we c.'in follow the genealogical 
' tree of our animal .'incestors much farther, 
down to the very lowest groups of animals. 

In entering the obscure paths of this 
phylog'cnetic labxrinth, clinging to the 
.■\ri.'idne-thread of the biogenetic law 
•and guided by the light of comparative 
.anatomy, we will first, in accordance with 
the methods we have adopted, discover 
and arrange those fragments from the 
manifold embryonic developments ot very 
different animals from which the stem- 
history of man can be composed. I would 
call attention particularly to the fact that 
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we can employ this method with the same 
confidence and rig^ht as the gcologiat. 
No geologist has ever had ocufar proof 
that the vast rocks that compose, our 
Carboniferous or Jurassic or Cretaceous 
strata were really deposited in water. Yet 
no one doubts the fact. Further, nef geo¬ 
logist has ever learned by direct observa¬ 
tion that these varijous sedimentary forma¬ 
tions were deposited in a certain order ; 
yet all are agreed as to this order. This 
IS Ix'cause.the nature and origin of these 
rocks cannot be rati<.>n.'illy understood 
unless we assume that they were so 
deposited. These hypiitheses are univer¬ 
sally received as safe and indispensable 
“ geological theories,” because they alone 
give a rational explanation of the strat.a. 

Our evolutionary hypotheses can claim 
the same value, for the same reasons. In 
formulating them we .are .acting on the 
same inductive .and deductive methods, 
.and with almost equal confidence, as the 
geologist. We hold them to be correct, 
.and claim the status of “biological 
theories” for theoi, because we cannot 
understand the nature .and origin of m.an 
and the other organisms without them, 
and because they .alone s.atisfy our denuind 
for a knowledge of causes. And just as 
the geological hypotheses that were ridi¬ 
culed as dreams .at the beginning of the 
nineteenth century .are now univers.ally 
admitted, so our phylogenetic hypotheses, 
which are still reg.arded as fantastic in 
certain quarters, will sooner or later be 
generally received. It is true th.at, as 
will soon .appear, our task is not so 
simple as that of the geologist. It is just 
as much more difficult .and complex as 
man’s org.anis.ition is more elaborate than 
the structure of the rocks. 

When we appro.ach this task, we find 
an auxiliary of the utmost importance in 
the comparati\’e anatomy and embryology 
of two lower anim.al-forms. (file of these 
animals is the lancelet ( Amphioxus the 
other the se.a-squirt (AhcidiaJ. Both of 
these animals are very instructive. Both 
are at the border betwa'cn the two chief 
divisions of the animal kingdom—the 
vertebrates and invertebrates. The verte¬ 
brates comprise the already mentioned 
classes, from the Amphioxus to man 
(acrania, lampreys, fishes, dipneusts, 
amphibia, reptiles, birds, and m.ammals). 
Following the example of Lamarck, it is 
usual to put all the other .animals together 
under the head of invertebrates. But, as 
I have often mentioned already, the group 


is composed of a npmber of very different 
steitis. Of these we have no interest just 
now in the cchinoderms, molluscs, and 
articul.ates, as .they are independent 
branches of the aniniaLtree, and have 
nothing to do with the vertebrates. On 
the other hand, we are greatly concerned 
with .a very interesting group that has 
only recently been carefully studied, and 
th.at h.as a most important relation to the 
ancestral tree cf the vertebr.ates. This is 
the stem of the Tunicates. One member 
of this group, the sea-squirt, very closely 
approaches the lowest vertebrate, the 
Amphioxus, in its essential irttcni.al struc¬ 
ture arid emb.-yonic development. Until 
1866 no one had any idea of the close con¬ 
nection of these app.arently very different 
anim.als ; if was a very fortunate .accident 
that the embryology of these related forms 
was discovered just .at the time when the 
question of the dAcent of the vertebrates 
from the invertebrates came to the front. 
In order to understand it properly, we 
must first consider these remarkable 
.animals in their fully-developed forms 
and comp.are their anatomy. 

We begin with the lancelet- after man 
the most important and interesting of all 
animals. M.an is at the highest summit, 
the l.ancelet at the lowest root, of the verte¬ 
brate stem. 

It lives on the flat, sandy parts of the 
Mediterranean coast, partly burled in the 
s<and, and is appafeutly found in a number 
of seas.' It haS^been found in the North 
Sea (on the British .and Scandinavian 
coasbi and in Heligoland) and at various 
places on the Mediterranean (for instance, 
at Nice, N.aples, and Messina). It is also 
fpund on the coast of Br.azil .and in the most 
distant parts of the Pacific Ocean (the 
coast of Peru, Borneo, China, Australi.a, 
etc.). Recently eight to ten species of the 
amphioxus h.ave been determined, distri¬ 
buted in two or three gi-nera. 

Johannes Muller classed the lancelet 
with the fishes, although he pointed out 
that the differences between this simple 
vertebrate and the lowest fishes are much 
greater than between the fishes and the 
amphibia. But this was far from expres¬ 
sing the real signlficjmce of the animal. 
We may confidently lay down the follow¬ 
ing principle : The Amphioxus differs more 
from the fishes than the fishes do from 

' See the ample monograph by Arthur Willey, 
Amphioxus and the Ancestry of the Vertebrates} 
Boston, 1894. 
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man and the other vertebrates. As a this stem: i, the Acrania(Amphioxus and 
matter of fact, it is so different from alJ its extinct relatives); and* 2, the Craniota 
the other vertebrates in its whole organi- (man and the other vertebrate).- The 



r'lo. jio. 


Fin. 31 1. 


Fig. 210.— The lancelet ( Amphioxus la^eolatux), twice natur.al size, left view. The long axis is vertical; the 
mouth-end is above, the tnil-ciid below ; a moiitli, surrounded by tlireaiLs of beard ; b anus, r gill-opening (pertts 
branchialis), d gill-crate, e stomach, y liver, g small intestine, h branchial cavity, t chorda (axial rod), underneath 
it the aorta ; k aortic arches, I trunk of the branchial artery,'rn swellings on its branches, n vena cava, o visceral 
vein. 

Fio. 211. —Transverse section of the head of the Amphioxus. (From Boveri,) Above the branchial 
gut (kd) is the chorda, above this the ncur.al tube (in which we can distinguish the inner grey and the outer white 
matter); above agam is the dorsal fin (fh). To tlic right and loft alxive (in the episom^ are the thick muscular 
plates (m) ; below (in the hyposoina) the gonads (g). _ im aorta (here double), c corium, ec endostyl, /fascie, 
gl gIomerulu.s of the kidneys, k branchial ves.scl. Id partition between the coeloma f'.vr^and atrium (p),^ trans¬ 
verse \ entral muscle, n renal canals, of upper and uf lower canals in the mantle-folds, p peribranwial cavity, 
(atrium), sc coeloma (subcliordal body-cavity), si principal (or subintcstinal) vein, sk per(chorda (skeletal layer). 


sation that the laws of logical classification first and lower division comprises the 
compel us to distinguish two divisions of vertebrates that have' no vertebrae or skuQ 
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(cranium). Of these the only living 
representatives are tiie Amphioxus and 
Paramphioxus, though there must have 
been a number of different species at an 
early period of the earth’s history. 

Opfjosed to the Acrania is the second 
division of the vertebrates, which com¬ 
prises all the other members of the stem, 
from the fishes up to man. All these 
vertebrates have a head quite distinct from 
the trunk, with a skull (cranium) and 
brain ; all have a centralised heart, fully- 
fomied kidneys, etc. Hence they arc 
called the Craniota, These Craniotes are, 
however, without a skull in their earlier 
period. As we already know from embryo- 
iogy, even inan, like every other mammal, 
passes in the earlier course of his develop¬ 
ment through the important stage which 
we call the chorduJa ; at this lower stage 
the animal has neither vertebras nor skull 
nor limbs (Figs. 83-86). And e\'cn after 
the formation of the primitive vertebra' 
has begun, the segmented feetus of the 
amniotes still has for a long lime the 
simple form of a lyre-shaped disk or a 
sandal, without limbs or exlremilles. 
When we compare this embryonic condi¬ 
tion, the sandal-shaped feetus, wUIi the 
developed lancelet, we may say that the 
amphioxus is, in a certain sense, a perma¬ 
nent sandal-embryo, or a permanent em¬ 
bryonic form of the Acrania ; it never rises 
above a low grade of development which 
we have long since passed. 

The fully-developed lancelet (Fig, 210) 
is about two inches long, is colourless or 
of a light red tint, and has the shape of 
a narrow lancet-formed Ipaf. The body 
is pointed at both ends, but much com¬ 
pressed at the sides. There is no trace 
of lirnbs. The outer skin is very thin and 
delicate, naked, transparent, and composed 
of two different layers, a simple external 
stratum of cells, the epidermis, and a 
thin underlying cutis-layer. Along the 
middle line of the back runs a narrow 
fin-fringe which expands behind intd an 
oval tail-fin, and is continued below in a 
short anus-fin. The fin-fringe is supported 
by a number of square elastic fin-plates'. 

In the middle of the body we find a thin 
string of cartilage, which goes the whole 
length of the body from front to back, 
and is pointed at both ends (Fig. 210 f). 
This straight, cylindrical rod (somewhat 
compressed for a time) is the axial rod or 
the chorda dorsalis; in the lancelet this is 
the only trace of a vertebral column. The 
chorda developes no further, but retains 


its original simplicity throughout life. It 
is enclosed by a firm mcnjbranc, the 
chorda-sheath or perichorda. The real 
features of this and of its dependent 
formations are best seen in the transverse 
section of tlie Amphioxus (Fig. 211). The 
perichorda forms a cylindrical lube imme¬ 
diately over the chorda, and the central 
nervous system, the medullary tube, is 
enclosed in it. This important psychic 
organ also remains in its simplest shape 
throughout life, as* a cylindrical lube, 
terminating with almost equal plainness 
at either end, and enclosing a narrow 
canal in its thick wall. However, the 
fore end is a little rounder, and contains a 
small, almost Imperceptible bulbous swel¬ 
ling of the canal. This must be regarded 
as the beginning of a rudimentary brain. 
At the foremost end of it there is a small 
black pigment-spot, a rudimentary eye ; 
and i'l narrow canal leads to a superficial 
sense-organ. In the vicinity of this optic 
spot we find at the left side a smali* 
ciliated depression, the single olfactory 
organ. There is no org.an of hearing. 
This defective development of the higher 
sense-organs is probably, in the main, not 
an original feature, hut a result of degene¬ 
ration. 

Underneath the axial rod or chorda 
runs a very simple alimentary canal, a 
lube that opens on the ventral side of the 
animal by a mouth in front and anus 
behind. The oval mouth is surrounded 
by a ring of cartilage, on which there are 
twenty to thirty cartilaginous thread.s 
(organs eff touch, I'ig. 210 a). The 
alimentary canal divides into sections at 
about equal length by a constriction in 
the middle. The fore section, or head- 
gut, serves for rcs’|^iration ; the hind 
section, or trunk-gut, for digestion. The 
limit of the two alimentary regions is also 
the limit of the two parts of the body, the 
head and the trunk. The head-gut or 
branchial gut forms a broad gill-crate, 
the grilled wall of which is pierced by 
numbers of gill-clefts (Fig. 210 d). The 
fine bars of the gill-crate between the 
clefts are strengthened with firm parallel 
rods, and these .are connected in pairs by 
cross-rods. The water that enters the 
mouth of the Amphioxus passes through 
these clefts into the large surrounding 
branchial c.avity or atrium^ and then 
pours out behind through a hole in it, 
the respiratory pore ( poi us hranchialiSi 
Fig. 210 c). Below, on the ventral side 
of the gill-crate, there is in the middle 
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line a ciliated {groove with a jrlandular 
wall (the hypobrancliial groove), wdiich is 
also found in llu!y\sridia and the larv.E of 
theCyclostonia. It is intereslinp because 
the thyroid j^land in the larytix of 
the hi^jher vertebrates (underneath the 
“Adam’sapple”)hasbeendevclopcdfrom it. 

Behind the respiratory part of the j^ut 
we have the digestive section, the trunk 
or liver (hepatic) f^ul. The small particles 
^thal the Amphioxus takes in with the 
water infusoria, diatoms, particles of 
decomposed plants and animals, etc. 
pass from the c^ill-crate into the dii^estive 
part of the canal, and are used up as food. 
From a somewhat enlarged portion, that 
corresponds to the stomach (h'ig. -2 Joc), 
a long, pouch-like blind sac proceeds 
straight forw.ird (J) ; it lies undei neatli 


pulsating in their whole length, and thus 
driving tlie colourless, blood through the 
entire body. On the under-side of the 
gill-crate, in the middle line, thel'e'is 
tire trunk of a large vessel that corres¬ 
ponds to the heart of the other verte¬ 
brates and the trunk of the branchial 
artery that proceeds from it ; this drives 
the Wood into the gills (Fig. 210/). -A 
number of small vascular arches arise on 
each siilc from this branchial artery, and 
form little heart-shaped swellings or 
buUnlla ( m ) at their points of departure ; 
they advance along the branchial ‘arches, 
between the gill-clefts and the fore-gut, 
and unite, as branchial veins, above the 
gill-crate in a large trunk JiiIood-vessel 
that runs under the chorda dorsalis. 
This is the principal artery or primitive 




Fig. 212. Fig. 213. 

Fig. 212. —Transverse section of an Amphioxus-larva, with fivcpill-rU-fts, ihmufjh thu mitklleof the body. 
Fig. 21?.- Diagrram of the preceding. (I'rom Hatsihck-'S A cpukTims, /i moduli. irv tuho, f'chorda. Cl 

iniior cfiord.'i-sho.'ith, /) visior.il opilholmin, /;'siib-inlostiii.'il voin y outis, nuisolo-pl.'ito (myotoino), 3 skolotal 
pl.'ito (solorotomo), / oiolosopliim (p.irlitioti botwoi-ii dors.il and vonti.d oadonia), sUin-fihn l.iyor, 6 gut-fibre 
I.iyor. /uijoiiel (doi'h.d bod>-L.i\it.\). // spl.-imhnocu;! (vontr.d bndj-o.iMtj). 


on the left side of the gill-crate, and ends 
blindly about the middle of it. This is 
the liver of the Amphioxus, the simplest 
kind of liver that we meet in any \'erte- 
brate. In man also the liver de\ elopes, 
as we shall .see, in the shape of a pouch¬ 
like blind sac, that forms out of the 
alimentary canal behind the stomach. 

The formation of the circulatory .system 
in this animal Is not less interesting. .Ml 
the other vertebrates have a compressed, 
thick,- pouch-shaped heart, which deve- 
lopes from the wall of the gut at the 
throat, and from which the blood-\'es.sels 
proceed; in the Amphio.xus there is no 
special centralised heart, driving the 
blood by its pul.sations. This movement 
is effected, as in the annelids, by the thiu 
blood-vessels themselves, which discharge 
the function of the heart, contracting and 


aorta (Kig. 214 7 )). The branches which 
it gives off to all parts of the body unite 
again in a larger venous vessel at the 
underside of the gut, called the subintes- 
tinal vein (Figs. 210 o, 212 /i). This single 
main vessel of the y\mpliioxu.s goesjike a 
closed circular water-conduit along (he 
alimentary canal through the whole body, 
and pulsates iii its whole length above 
and below. When the upper tube con¬ 
tracts the lower one is tilled with blood, 
and vice versa. In the upper tube the 
blood flows from front to rear, then back 
from rear to front in the lower vesstl. 
TIte whole of the long tube that runs 
along the ventral side of the alimciTtary 
canal and contains venous blood may be 
called the “principal vein,” and maybe 
compared to the ventral vessel in the 
worms. On the other hand, the long 
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straight vessel that runs along the dorsifl 
• line of the gut above, I'Jetvveeii it and the 
chorda, and contains arterial blood, is 
clearly identical with the aorta or principal 
artery of the other vertebrates ; and on 
the other side it may be compared to the 
dorsiil vessel in the worms. 

, The cccloma or bixly-cavity has- some 
very important and distinctive fealuses in 
the Amphioxus. Thtj-embryology of It is 
most instructive in connection with the 
stem-history of the body-cavity in man 
and the oLlu'r vertebrates. As we have 
already seen (Chapter X.), in these the 
two coelom-pouchcs are divided at an 
early stage by transverse constrictions 


216 A). As a matter of fact, this atrium 
(commonly called the peribranchial cavity) 
is a secondary structure, formed by the 
development of a couple of lateral mantle- 
folds or gill-covers (U). The real 
body-cavitj' (Lh) is very narrow and 
entirely closed, lined with epithelium. 
The peribranchial c;i\'ity ("A ) is full 0/ 
water, and its walls are lined with the 
slcin-sensc layer; it opens outwards in 
the rear through the respiratory pore 
(Fig. 210 r). 

On the inner surface of these mantle- 
folds (Ml), in the v'entral half of the 
wide mantle cavity (atrium), we find the 
sex-organs of the Amphioxus. At each 



Fic:. 214, Fig. 215 

Fig. 214. —Transverse section of a young Amphioxus, immedi.itcly .-iIiit mft.nnorptioMs," ihrougli ttic 
hindermcist ttiird (Ix-tween the atrium-cavity .and the anus). Fig. 214. — Diagram of preceding. (From 
Matichek.) A epidermis. B mediillaiy liibi-, (' ehord.i. J) .aorta, /i viseer.al epithelium, /•' subinkestinal vein. 
/ corium-pl.ate, 2 museli-pl;ite, 3 f.iscie-pl.ite, 7 outiT ehorda-slieatli, S nij’oseptuni, 6 skm-llbre plate, J gut- 
fibre plate, 1 inyoecel, // splanehnocoil, 1 , dorsal fin, II„ anus-lin. 


into a double row of primitive segments 
(h'ig. 124), and each of these subdivides, 
by a frontal or lateral constriction, i'nlo 
an upper (dorsal) and lower (ventral) 
pouchj. 

These important structures are seen 
very clearly in the trunk of the amphi¬ 
oxus (the latter third. Figs. 212 -215),-but 
it is otherwise in the head, the foremost 
third (Fig. 216). Here we find a number 
of complicated structures that cannot be 
understood until we have studied them 
on the embryological side in the next 
chapter (cf. Fig. 81). The branchial 
gut lies frC5 in a spacious cavity filled 
with water, which was wrongly j.hought 
formerly to be the body-cavity (Fig. 


side of the branchial gut there are 
between twenty and thirty roundish four- 
corned sacs, which c.in clearly be seen 
from without with the naked eye, as they 
shine through the thin transparent body- 
wall. The.se .sacs are (he sexual glands ; 
they are the same size and Shape in both 
sexes, only differing in contents. • In the 
female they contain a quantity of siinple 
ov.a (Fig. 219^); in the male a number 
of much smaller cells that change into 
mobile ciliated cells (sperm-cells). Both 
.sacs lie on the inner wall of the atrium, 
{yid have no special outlets. When the 
o\'a of the female and the sperm of the 
male are ripe, they fall into the atrium, 
pass through the gill-clefts into the fore- 
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gut, and are ejected through \the mouth, other Wrtcbratos (Fig. 218 B). Their 
Above the sexual glands, at the dorsal internal aperture (Fig. 217 S) opens into 
angle of the atrium, we find the kidneys.' the body-cavity ; their outer aperture into 
These important excretory organs could the atrium (C). The prorenal canals lie in 
not be found in the Amphioxus for a long Jdic ihiddle of die line of the h^ad, outwards 



_ Fig. 216.— Transverse section of the lancelet, in tho fore half. (Prom Ralph.) The Ollier coverinjT is the 
Kiinplc I'oll-l.ayer of Ihc cpiUorniis (E). l^iulor this, is the thin coriuni. the Mibciitancous tissue of which is 
thickenod ; it semis conncvlivi'-tisMie partitions between the muscles f ^ and to the ehorda-shealh. TV medul¬ 
lary tube, (Ik chorda. I.h body-cavity, A atrium, L uijpcr wall of s.-ime, E\ inner wall, outer wall, Lhi 
ventral remnant of same, Kst (-ill-rods, M ventral muscles, R scam of the joining of the ventral folds ^ni-cov«»«), 
G sexual glands. 

ttme„ on account of their remote position from the uppermost section of the gill- 
and their smallness; they were discovered arclies, and have important relations to 
in 1890 by Theodor Boveri (Fig. 217 :r). the branchial vessels (H). For this 
They are short segmented can.als, corres- reason, and in their whole arrangement, 
ponding to the primitive kidneys of the the primitive kidneys of the Amphioxus 
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show clearly that they are equivalent to both animals in the same division of the 
the prorenal canals of the Craniotes animal kingdom. Nevertheless, this 
(Fig. 218 B). The prorenal duct of the classification is indisputably just. Man 
latter (Fig. 218 C) corresponds to the is only a more advanced stage of the 
branchial cayity or atrium of the fornufr vertebral type that we find uiiniistak* 
(Fig. 217 C).* . Jibly in the Amphioxus in its charac- 

If we sum up the results of our teristic features. We need only recall the 
anatomic study of the Amphioxus, and \ picture of the ideal Primitive Vertebrate 




Fig. aiy.— Transverse section through the 
middle, of the Amphioxus. (From Bm-eri.) On 
the left a gill-rod hab been struck, and on the righ la 
gill-cleft ; consequently on the left we sec the whole of 
a prorenal canal on the right only the; section of 
its fore-leg. A genital chamber (ventral section of the 
gonocoel), x pronephridium, B its caslom<iperture, 
C atrium, D body-cavity, E visceral cavity, />'subintes- 
tin^ vein, G aorta (the left branch connected by a 
branchial vessel with the subinte&tinal vein), H lenal 
vessel. 

compare them with the familiar organi¬ 
sation of man, we shall find an immense 
distance between the two. As a fact, the 
highest summit of the vertebrate organi¬ 
sation which man represents is in every 
reject so far above the lowest stage, at 
which the lancelet remains, that one would 
at first scarcely believe it possible to c^ss 


Fig. ai8.— Transverse section of a primitive 

fish embryo (Sclachii-embryo, from Bovert). To the 
left proncphrldia (B), the right primitive kidneys (A). 
The dotted lines on the right indicate the later opening 
of the primitive kidney can.ils ('..JJinto the prorenal 
duct (C). D bixly-cavity, E visceral cavity, E' sub- 
intestinal vein, G aorta, // renal vessel. 

given in a former chapter, and compare 
it with the lower stages of human 
embryonic development, to convince our¬ 
selves of our close relationship to the 
lancelet. (Cf. Chapter XI.) 

It is true that the Amphioxus is far 
below all other living vertebrates. It is 
true that it has no separate head, no 
developed- brain or skull, the charac¬ 
teristic feature of the other vertebrates. 
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It is (probably as a result of defjfencration) 
without the auscultory orfjan and the 
centralised heart that all the others have; 
and it has no fully-fonned kidneys. 
Every single or^an in it is simpler and 
less advanced than in any of the others. 
Yet the characteristic connection and 
arranjjcment of all the organs is just the 
same as in the other vertebrates. All 
these, moreover, pass, durin^j their em¬ 
bryonic development, throuf^-h a stafjfe in 
which their whole organisation is no 
higher than that of the Amphioxus, but 
is substantially identical with it. 



Fio. Transverse section of the head of 
the Amphioxus (nt thi- limit ol the first .niid sr-cond 

third of tin' IhhI) ). (Froni Jim’rrt.) a aort.i (hero 
doiililc), b .'itriiim, < rhord.'i, f« cojloin.T (hody-cai ily), 
f’endoslyl (hypohr.'iiulii.'d Sfi oovo), fi ^fon.^ls (o\ .’irius), 
kb g’ill-.'irc'lu's, kd hraiu'lii.il jfiil, / lact-tidio (on the* 
ri(i:hl, oiii-sidfd), >n muM'los, >i rc-iial c.'in.ils, r spinal 
cord, i>i spin.'il nerves, s/i gill-vdeftt,. 

In order to see this quite clearly, it 
is particularly useful to compare the 
Amphioxus with the youthful forms of 
those, vertebrates that are cltissified next 
to it. This is the class of theAZyclostoma. 
There are to-day only a few species of 
this once extensive class, and these may 
be distributed in two groups. One 
group comprises the hag-fishes or Myxi- 
noides. Tlie other group are the Petro- 
myzontes, or lampreys, which arc a 


familiar delicacy in their marine form. 
These Cyclosloma are usually classified 
with the fishes. But they are far below 
the true fishes, and form a very interest¬ 
ing connecting-group between them and 
the lancelet. One can sec how closely 
they approach the latter by comparing a 
young lamprey with the Amphioxus. The 
chorda is of the same simple ch.xracter in 
both ; also the medull.-iry tube, that lies 
above the chorda, and the alimentary 
canal below it. However, in the lamprey 
(he spinal cord swells in front into a 
simple pear-shaped cerebral vesicle, and 
at each side of it there are a very simple 
eye and ;i rudimentary auditory vesicle. 
The nose is a single pit, .'is in the 
Amphioxus. The two sections of the gut 
are also just the same and very rudimen¬ 
tary iti the lamprey. On the other h.and, 
we see a great advance in the structure of 
the heart, which is found underneath the 
gills in the shape of a centralised muscular 
tube, and is divided into an auricle 
and a ventricle. Later on the lamprey 
adv.'inces still further, and gets a skull, 
five cerebral vesicles, a series of indepen¬ 
dent gill-pouches, etc. This makes all 
the more interesting the striking resem¬ 
blance of its immature larva to the 
developed and sexually mature Amphioxus. 

While the Amphioxus is thus connected 
through the Cyclostoma witlj the fishes, 
and so with the scries of the higher 
vertebrates, it is, on the olher hand, very 
closely related to a lowly invertebrate 
marine animal, from which it seems to 
be entirely remote at first glance. This 
remarkable animal is the sea-squirt or 
Ascidia, which was formerly thought to 
be closely related to the mussel, and .so 
classed m the molluscs. But since the 
remarkable embryology of these anim.'ds 
was discovered in there can be no 

question that they h.'ive nothing to do 
with (he molluscs. To the great astonisli- 
ment of zoologists, they were found, 
in their whole individual dev^elopnient, 
to be closely related to the vertebrates. 
When fully developed (he .Ascidiai are 
.shapeless lumps that would not, at first 
sight, be taken for animals at all. The 
oval body, frequently studded with knobs 
or uneven and lumpy, in which we can 
discover no special external organs, is 
attached at one end to marine plants, 
rocks, or the floor of the sea. Many 
species look like potatoes, others like 
melon-cacti, others like prunes. Many of 
the Ascidisc form transparent crusts or 
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deposits on stones and marine plants. 
Some of the larj^cr species are eaten like 
oysters. Fishermen, who know them 
very well, think they arc not animals, but 
plants. They are sold in the fish markets 
of many of the Italian coast-towns with 
other lower marine animals under the 
name of “sea-fruit” (frutli di ninrv). 
There is nothinjf about them to show that 
they are animals. When they are taken 
out of the water with the net the most 
one can perceive is a slight contrac tion of 
the body that causes w.iter to spout out 
in two places. The bulk of the .Ascidiai 
are very small, at the most a few inches 
king'. A few species are a foot of more in 
lenj^th. There are many species of them, 
and they are found in every sea. y\s in 
the case of the Acrania, we have no 
fossilised remains of the class, because 
they have no hard .and fossilisable parts. 
However, they must be of j^reat antiejuity, 
and must ^o back to the primordi.al epoch. 

The name of “ Tunicates ’’ is j;ji\ en to the 
whole class to which the Ascidla* belont^, 
because the body is enclosed in a thick 
and still covering like a mantle ( tufu'ra ). 
This mantle - somc'times soft like jell}’, 
sometimes as touijh as leather, .and some¬ 
times .as stilT as cartilage—has .a number 
of peculi.arities. The most remarkable of 
them is th.at it consists of a woody m.atter, 
cellulose - llje same vc'^jetal substance 
that Ijofins the stiff envelopes of the plant- 
cellA, the subst.anc^' of tlie wood. The 
tunicates .are the only clay; of .animals 
that have a real cellulose or woody coat. 
Sometimes the cellulose mantle is brij^htly 
coloured, at otlier times colourless. Not 
infrequently it is set with needles or hairs, 
like a cactus. Often we find a mass of 
foreign bodies - stone, sand, fragments 
of mussel-shells, etc.—worked into the 
nmntle. This has earned for the Ascidia 
the name of “ the microcosm.” 

The hind end, which corrt'sponds to the 
tail of the Amphioxus, is usu.ally attached, 
often by means of regular roots. The 
dor.s<al and'ventral sides differ a good deal 
internally, but frequently cannot be distin¬ 
guished externally. If we open the thick 
tunic or^niantle in order to ex.amine the 
intern^U organis.ation, we first find a 
sp^icidus cavity filled with water—the 
V mantle-cavity or respiratory cavity (Fig. 
220 cl). It is also called the branchial 
cavity and the cloaca, because if receives 
‘the excrements and sexual products as 
well as the respiratory water. The 
greater part of the respiratory cavity is 


occupied by the large gr.ated branchial 
sac {hr). This is so like the gill-cr.ate 
of the Amphioxus in its whole arrange¬ 
ment that the resemblance was pointed 
out by the English n.aturalist Goodsir, 
years .ago, before anything was known of 
the relationship of the two animals. As 
a fact, even in the Ascidia the mouth 
(o) opens first into this wide branchial 


« 



Fig. 220.— Organisation of an Ascidia (left view); 
the- dorsal side is turned to the right and the ventral 
side to the left, the mouth (o) above; the ascidia is 
atl.ached at the t.iil end. The branchial gut (hr), 
which is pierced b> .1 nuinher of clefts, continues below 
in the visceral gut. The reetiini opens through the 
nmi'. (ft) into the atrium fi// from which the excre¬ 
ments arc ejected with the respir.'itory water through 
the mantle-hole or cloaca (a)\ ni mantle. (From 
Grgefibaur.) 

sac. The respiratory water passes 
through the lattice-work of the branchial 
sac into the britnchial cavity, and is 
dected from this by (he respiratory pore 
(a'J. Along the ventral side of the 
branchial sac runs a ciliated groove—the 
hypobranchi.al groove which we have 
previously found at the same spot in the 
Amphioxus. The food of the Ascidia also 
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,of tiny organisms, infUsqria, 
parts of decompoi^ecf marine 
pf;^Rts 8^d animals, etc, TlieSe pass with 
trte trat^ into thf^ gUl-crate, and tlie 
diges^iye part of the gut at the end.of it, 
•at'first into an enlargement of it that 
fepfosents the stomach. The adjoining 
spiall intestine usually, forms a' loop, 
bends forward, and opens by an anus 
(Fig- 220 a), not ditoctly outwards, but 
first'inta the mantfe cavity ; frorfi this the 
excrements are ejected by a common 
outlet fa') together with the used-up 



Fig. 221.— Or^nisatlon of an Ascldia (a.s in FIk. 
220, seen.from the lefl). sh braiu'liial s>a,L, v stomacli, 
i small intestine, r heart, t testicle, vd sperm-duct, 
0 ovary, o' ripe o\’a in the briinchial cavity. The two 
small arrows indic.'itc the entrance and exit ‘of the 
water throuffh the opening's of the mantle. (From 
MClue-Edwards .) 

water and the .sexual products. The 
outlet is sometimes called the branchial 
pore, and sometimes the cloaca or ejection- 
aperture. In many of the A-scidia; a 
'glandular mass opens into the gut, and 
this represents the liver. In some there 
is another gland besides the liver, and 
this is taken to represent the kidneys. 
The body-cavity proper, or cceloma, 
which is filled with blood and encloses 
the hepatic gut, is very narrow in the 
Ascidia, as in the Ampliioxus, and is here 


also usually confounded with the wide 
atrium, or peribranchial cavity, full 
water. 

There is no trace in the fully-developed 
Ascidia of a chorda dorsalis, or internal 
axial skeleton. It is the mere interesdng 
that the young animal that enaerges from 
(he ovum has a chorda, and that there is 
a rudimentary medullary tube above it. 
The latter is wholly atrophied in the 
developed Ascidiii, and looks like a small 
nerve-ganglion in front above the gill- 
crate. It corresponds lo the upper 
“gullet-ganglion” or “primitive brain” 
in other vcrmalia. Special sense-organs 
arc cither wanting altogether or are only 
found in a very rudimentary form, as 
simple optic spots and touch-corpuscles 
or tentacles that surround the mouth. 
The muscul.'ir system is very slightly 
.and irregularly developed. Immediately 
under the thin corium, and closely con¬ 
nected with it, we find a thin mu.scle 
tube, as in llie worms. On the other 
hand, the Ascidia has a centralised heart, 
and in this respect it seems to he more 
advanced th.'in the Amphioxus. On the 
ventr;i! side of the gut, .some distance 
behind the gill-crate, there is a spindle- 
shaped heart. It retains permanently the 
simple tubular form that we find tem¬ 
porarily as the first structure of the heart 
in the vertebrates. This simple heart 
of the iXscidia has, however, a remark¬ 
able peculiarity. It contracts in alter¬ 
nate directiqns. In all other animals 
the beat of the heart is always in the 
.same direction (gener.illy from rear to 
front) ; it changes in the A.scidia, to the 
reverse direction. The heart contracts 
first from the rear lo the front, stands still 
for a minute, and then begins to beat the 
opposite way, now driving the blood from 
front to rear; the two large vessels that 
start from either end of the heart act 
alternately as arteries and veins. This 
feature is found in the Tunicates alone. 

Of the other chief organs we have still 
to mention the sexual glands, which lie 
ri.ght behiild in the body-cavity. All the 
Ascidia are hermaphroaites. Each indi¬ 
vidual has a ma^e and a female gland, 
and so is able to fertilise itself. The 
ripe ova (Fig. 221 o') fall directly-from the 
ovary (o) into the mantle-cavity.' The 
male sperm is conducted into this cavity 
from the testicle (t) by a special duct 
(vd). Fertilisation is accomplished here, 
and in many of the Ascidiae developed 
embryos are |bund. These are then 
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ejwted with the hreatliing-water through 
thie cloaca (q), and so “ born alive.” 

If we n<«w glance at the entire struc¬ 
ture of the simple Ascidhr (especially 
Phallusia, Cynthia, etc.) and compare it 
with th?it of the Amphioxus, we shall find 
that the two have few points of contact. 
It is true that the fully-developed Ascidia 
re^mbles tlie Amphioxus in several 
important features of its internal struc¬ 
ture, and especially in the peculiar 
character of the gill-crate and gut. But 


in rqost other features of brf>;Tinisat)on It 
is so far rfemovou from it, and is so' ubfike 
it in external appearance, that tlte really 
close relationship pf *tho two Wa» tan 
discovered' until their cmbrydl6gy w<ts 
studied. Wc will now'compare the., 
cjnbryonic development of the' ‘ two 
animals, .and find to our great astbrrish- 
ment tliat the same embryo,nic foriii 
devclopes from the ovtim of the Amphioxus * 
as from ‘that of the Ascidia—a typical 
chordula. 


Chapter XVII. 

EMBRYOLOGY OF THE LANCELET AND THE 

SEA-SOUIRT 


The structural features that distinguish 
the vertebr.alcs from liic invertebrates are 
so prominent that there was the greatest 
difficulty in the earlier stages of classifica¬ 
tion in determining the affinity of these 
two great groups. When scientists began 
to speak of the affinity of the various 
animal groups in more than a figurative 
—in a genealogical—sense, this question 
came at once to the front, and seemed to 
c©nstitu.te one of the chief obstacles to 
tine carrying-out of the evolutionary 
theory. Even earlier, when they had 
studied the relations of the chief groups, 
without any idea of real genealogical 
connection, they believed they had found 
here and there among the invertebrates 
points of contact with the vertebrates : 
some of the worms, especially, seemed to 
app^ach the vertebrates in structure, 
such asthe marine arrow-worm fSaj^itta). 
But on closer study the analogies proved 
untenable. When Darwin gave an im- 
ulse to the construction of a real stem- 
istory of the animal kingdom by his 
reform of the tlieory of evolution, the 
solution of this problem was found to be 
particularly difficult. When I made the 
nrs?t attempt in my General Morphology 
(iS66) to work out the theory and apply 
it to classification, I found <io problem t»f 
phytogeny tliat gave me so much trouble 


as the linking of the vertebrates with the 
invertebrates. 

But just at this time the true link was 
discovered, and .at a point where it was 
least ex]X!Ctcd. Towards the end of 1866 
two works of the Russian zoologist, 
Kow.alevsky, who had lived for some 
time at Naples, and studied the embryo¬ 
logy of the lower anijiials, were issued in 
the publications of the ijt. Petersburg 
Academy. A fortunate accident had 
directed the attention of this able 
observer almost simult.'ineously to the 
embryology of the lowest vertebrate, the 
Amphioxus, .and that of an invertebrate, 
the close affinity of which to the Amphi¬ 
oxus had been least suspected, the 
Ascidia. To the extreme astoni.shment of 
all zoologists who were interested in this 
important question, there turned out to 
be the utmost resemblance in structure 
from the commencement of development 
between these two very diflerent animals 
—the K)west vertebnate and the mis¬ 
shaped, sessile invertebrate. With this 
undeniable identity of ontogenesis, which 
can be demonstrated to an astounding 
extent, we had, in virtue of the bio- 
genetic law, discovered the long-sought 
genealogical link, and definitely identified 
the invertebrate group that represents the 
nearest biood-reladves of the vertebrates. 
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The discovery was confirmed by other 
zoologists, and there can no longer be 
any doubt .that of all the classes of inver¬ 
tebrates that of the Tunicates is most 
closely related to the vertebrates, and of 
the I'unicates the nearest are the A-scidia;. 
We cannot say diat the vertebrates are 
descended from the Ascidl:e —and still less 
the reverse—but we can .saylliat of all the 
invertebrates it is the Tunicates, and, 
within this group, the Ascidhe, that are 
the nearest blood-rcl.'itives of the ancient 
stem-form of the vertebrates. We must 
assume as the common ancestral group 
of both stems an extinct family of the 
extensive vermalia-stem, the J^rochordonia 
or Prochordata (“primitive chorda-ani¬ 
mals ”). 

In order to appreciate fully this remark¬ 
able fact, Jind especially to secure the 
sound basis we seek for the genealogical 
tree of the vertebrates, it is necessary to 
study thoroughly the embryology of both 
these animals, and compare the individual 
development of the Amphioxus step by 
Step with that of the Ascidia. We begin 
with the ontogeny of the Amphioxus. 

From the concordant observ.ations of 
Kowalevsky at Naples and Hatschek at 
Messina, it follows, firstly, th.at the ovum- 
segmentation and gastrulation of the 
Amphio.xus are of the simplest character. 
They lake place in the same way as we 
find them in man)' of the lower animals 
of different invertebrate stems, which 
we have already described as original or 
primordial ; the development of the 
Ascidia is of the same type. Sexually- 
mature specimens of the Amphio.xus, 
which are found in great quantities at 
Messina from April or May onwards, 
begin as a rule to eject their se.xual 
products in the evening ; if you catch 
them .about the middle of a warm night 
.and put them in .a glass vessel with sea¬ 
water, they immediately eject through 
the mouth their accumulated sexu.al pro¬ 
ducts, in consequence of the disturbance. 
The males give out masses of sperm, .and 
the females discharge ova in such quan¬ 
tity th.at many of them stick to the fibrils 
about their mouths. Both kinds of cells 
pass first into the mantle-cavity after the 
opening of the gonads, proceed through 
the gill-clefts into the branchi.al gut, and 
are discharged from this through the 
mouth. 

The ova are simply round cells. They 
are only ijiu of an inch in diameter, and 
thus are only half the size of the mammal 


ova, and have no distinctive features. 
The clear protoplasm of the mature ovum 
is made so turbid by the numbers of dark 
■granules of food-yelk or deutoplasm 
sc.attcred in it that It is difficult to follow 
the process of fecundation and the 
behaviour of the two nuclei during it 
(p. 51). The active elements of the 
male sperm, the conc-sh.apcd spermato¬ 
zoa, .are simil.ar to those of most other 
animals (cf. Fig. 20). Fecundation takes 
place when these lively ciliated cells of 
the sperm approach the ovum, .and .seek 
to penetrate into the yelk-matter or the 
cellular substance of the ovum with their 
he.ad-part—the thicker part of the' cell 
that enckxses the nucleus. Only one 
spermatozoon c;in bore its way into the 
yelk at one pole of the ovum-axis ; its 
he.'id or nucleus coalesces with the female’ 
nucleus, which remains after the extru¬ 
sion of the directive bodies from the 
germinal vesicle. Thus is formed the 
“stem-nucleus,” or the nucleus of the 
“stem-cell” (cytula, Fig. 2). This now 
undergoes tot.al .segmentation, dividing 
into two, four, eight, sixteen, thirty-two 
cells, and so on. In this way we get the 
spherical, mulberry-shaped body, which 
we c.all the morula. 

The .segmentation of the Amphioxus is 
not entirely regular, as was suppo.sed 
after the first observations of Kowalevsky 
(1866). It is not completely equal, but. a 
little unequal. As Hatschek afterwards 
found (1879), the segment.ation-cell.s only 
remain equal up to the niorula-st.agc, the 
spherical body of w’hich consists of thirty- 
two cells. Then, .as always happens in 
unequal segmentation, the more sluggish 
vegetal cells are outstripped in the 
cleavage. At the lower or \cgetal pole 
of the t)vum a crown of eight I.arge ento- 
dcrmic cells remains for a long lime 
unchanged, while the other cells divide, 
owing to the form.ation of a series of 
horizontal circles, into an increasing 
number of crowns of sixteen cells each. 
Afterwards the segmentation-cells lilfet 
more or less irregularly displaced, while 
the segmentation-cavity enlarges in the 
centre of the morula ; in the end the 
former all lie on the surface of the latter, 
so that the foetus attains the familiar 
blastula shape and forms a hollow ball, 
the wall of which consists of a single 
jitratum of cells (Fig. 38 A-C). This 
layer is the blastoderm, the simple epi¬ 
thelium from Uie cells of which all the 
tissues of the body proceed. 
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These important early embryonic pro¬ 
cesses take place so quickly in the Amphi- 
oxus that four or five hours after fecunda¬ 
tion, or about midnifjht, the sphcricaf 
blastula is completed. A pit-like depres¬ 
sion is then formed at the vej^^etal pole of 
it, and in consequence of this the liollow 
sphere doubles on itself (Fij.;. 3S /)). 
This pit becomes deeper and deeper 
(Fijj. 38 E, F) ; at last the invacfination 
(or doublitif^) is complete, and the inner 
or folded part of the blastula-vvall lies on 
the inside of the outer wall. We thus 
f^et a hollow hemisphere, the thin wall of 
which is made up of two layers of cells 
(Fij^. 38 E). Fia)ni hemispherical the 
body soon becomes almost spherical once 
more, and then oval, the intern.il cavity 
enlarf^int^ considerably and its mouth 
growinfr narrower (l<'ig. 213). The form 
which the Amphio'cus-emhryo h.is thus 
reached is a real “ cup-larva ” oi\^'a.v/;'w/a, 
of the original simple type that we have 
previously described as the “ bell-g;is- 
trula ” or anhigastruln (-I^'igs. eq-35). 

As in all the other animals that form an 
archigastrula, the wlaile body is nothing 
but a simple gastric sac or stomach ; its 
internal cavity is the primitive gut (pm- 
gaslcr or archcntcron. Fig. 38 35 d), 

anil its aperture the primitive mouth 
('prosloma or hlastoporus, o). The wall 
is at once gut-wall and body-wall. It is 
composed of two simple cell-layers, the 
familiar primary germinal lavers. The 
inner layer or the invaginated part of 
the blastoderm, which immediately en¬ 
closes the gut-cavity is the entoderm, 
the inner or vegetal germ-lav er, from 
which develop the wall of the alimentary 
can.al and all its appendages, the cu'lom- 
pouches, etc. (Figs. 35, 3O /). The 
outer stratum of cells, or the non-invagi- 
nated part of the blastoderm, is the ecto¬ 
derm, the outer or animal germ-layer, 
W’hich provides the outer skin (epidermis) 
and the nervous system (t^). The cells 
of the entodenli are much larger, darker, 
and more fatty than those of the ectoderm, 
which arc clearer and less rich in fatty 
particles. Hence before and during in¬ 
vagination there is an increasing differen¬ 
tiation of the inner from the outer la)'er. 
The animal cells of the outer layer soon 
develop vibratory hairs ; the vegetal cells 
)of the inner layer do so much later. A 
thread-like process grows out of each 
cell, and effects continuous vibratory 
movements. By the vibfation.s of these 
slender hairs the gastrula of the Amphi- 


oxus swims about in the sea, when it has 
pierced the thin ovolemma, like the gas¬ 
trula of many other animals (Fig. 3b). 
As in many other lower animals, the 
cells have only one whip-like h.air each, 
and so are called (whip) cells 

(in contrast with the cihafcd cells, which 
have a number of short lashes or cilia). 

In the further course of its rapid 
development the roundish bell-gastrula 
becomes elongated, and begins to flatten 
on one side, parallel to the long a.vis. 
The llatteiied side is the subset|uenl dorsal 
side ; the ojvposile or veniral side remains 
curved. The l-Uter gtows more quickly 
than the fminer, with the re.-.ult that the 
primitive mouth is forced to the dorsal 
side (I'ig. 3«)). In the middle of the 
dors.il surface a shallow longitudirlal 
groove or furrow^ is formed (Fig. 79), 
.ind the edges of the body rise up on each 
side v)f this groove in the sh.ipe of two 
parallel swellings. This groove is, of 
course, the dorsal furrow, and the swell¬ 
ings are the dorsal or medullary swellings; 
they form the first structure of the central 
nervous sv stem, the medullary lube. The 
medullary swellings now' rise higher; the 
groov e between them becomes deeper and 
deeper. The edges of the p:irallel swell¬ 
ings curve towards e.ach other, and at 
last unite, .and the medullary tube is 
formed (h'igs. 83 77/, 84 w). Hence the 
form.ation of a medull.ary tube out of the 
outer skin t.ikes place in the naked dor.sal 
surface of the free-swimming larva of the 
Amphioxus in just the same way as we 
have found in the embr)!) of m.in and the 
higher animals within the fu*lal mem¬ 
branes. 

.Simultaneously with the construction 
of the medullary tube vve have in the 
Amphioxus-embryo the formation of the 
chorda, the C(eK>m-pouches, and the meso¬ 
derm proceeding from their wall. These 
processes .also lake place vv'ith charac¬ 
teristic simplicity and cle.artiess, so that 
they .are v'ory instructive to compare w'ith 
the vermalia on the one hand and with 
the higher verlebr.ates on the other. 
While tile medullary groove is sinking In 
the middle line of the flat dorsal side of 
the oval embryo, and its parallel edges 
unite to form the ectodermic neural tube, 
the single chorda is formed directly under¬ 
neath them, and on etich side of this a 
parallel longitudinal fold, from the dorsal 
wall of the primitive gut. These longi¬ 
tudinal folds of the entoderm proceed from 
the primitive mouth, or from its lower 
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and hinder edge. Here we sec at an early 
sta^ a couple of large enlodcrmic cells, 
which are distinguished from all the others 
by their great size, round form, and fine¬ 
grained protoplasm ; they are tlie two 
promesoblasts, or polar cells t)f tiie meso¬ 
derm (Fig. 83 p'). They indicate the 
original starting-point of the two cmlom- 
pouches, which grow from this spot 
between the inner and outer germinal 
layers, sever themselves from the primi¬ 
tive gut, ;ind provide the cellular material 
for tiie middle layer. 

Immediately after their formation the 
two cmlom-pouches of the Amphioxus are 
divided intt) several parts by longitudinal 
;ind transverse folds. Ivach of the primary 
pouches is divided into an upper dorsal 
and a lower ventral section by a couple of 
lateral longitudinal folds (Fig. 82). But 
these arc again divided by several pandlcl 
transverse folds into a number of succes¬ 
sive sacs, the primitive segments or somites 
(formerly called by the unsuitable name of 
“ primitive vertebra*.”). They have a differ¬ 
ent future above and below. The upper or 
dorsal segments, the cpisoniitrs, lose their 
cavity later on, and form with their cells the 
muscular plates of the trunk. The lower 
or ventral segments, the hyposomites, 
corresponding to the l.ateral plates of the 
craniote-embryo, fuse together in the 
upper part owing to the disa[-)pearancc of 
their latenil walls, and thus form the 
later body-cavity (mctaccel) ; in the lower 
part they remain separate, and aftervv*ards 
form the segmental gon;ids. 

In the middle, between the two lateral 
coelom-folds of tht* primitive gut, a single 
central org;pi detaches from this at an 
early stage in the middle line of its dorsal 
wall. This is the dorsal chorda (Figs. 
83, 84 ch). This axial rod, which is the 
first foundation of the later vertebral 
column in all the vertebrates, and is the 
only representative of it in the Amphioxus, 
originates from the entoderm. 

In consequence of these important 
folding-processes in the primitive gut, 
the simple entodermic tube divides into 
four different sections :—I., underneath, 
at the ventral side, the permanent alimen¬ 
tary canal or permanent gut ; II., above, 
at the dorsal side, the axi.al rod or chorda; 
.'uid III., the two ctelom-sacs, which 
immediately sub-divide Into two struc¬ 
tures— IIIa., above, on the dorsal side, 
the episomitesy the double row of primitive 
or muscular segments ; and 111b., below, 
on each side of the gut, the hyposomites, 


the two lateral plates that give rise to the 
sex-glands, and the cavities of which partly 
unite to form the body-cavity. At the 
same time, the neural or medullary tube 
is formed above the chorda, on the dorsal 
surface, by the closing of the parallel 
medullary swellings. All these processes, 
which outline the typical structure of the 
vertebrate, take place with astonishing 
rapidity in the embryo of the Amphioxus ; 
in the afternoon of the first day, or twenty- 
four hours after fertilisation, the young 
vertebrate, the typical embryo, is formed; 
it then h.as, as a rule, six to eight somites. 

The chief occurrence on the second day 
of development is the construction of the 
two permanent openings of the gut—*the 
mouth and anus. In the earlier stages 
the alimentary lube is found to be 
entirely closed, after the closing of 
the primitive mouth ; it only communi¬ 
cates behind by the neurenteric canal with 
the medulhu-y tube. The permanent 
mouth is a secondary formation, at the 
opposite end. Here, at the end of the 
second day, we find a pit-like depression 
in the outer skin, which penetr.'ites inwards 
into the closed gut. The anus is formed 
behind in the same way a few hours later 
(in the vicinity of the additional gastrula- 
mouth). In man and the higher verte¬ 
brates also the mouth and anus are 
formed, as we have seen, as flat pits in 
the outer skin; they then penetrate 
inwards, gradually becoming connected 
with the blind ends of the closed gut-tube. 
During the second day the Amphioxus- 
embryo undergoes few other changes. 
The number of primitive segments in¬ 
creases, and generally amounts to four¬ 
teen, some forty-eight to fifty hours after 
impregnation. 

Almost simultaneously with the forma- 
ion of the mouth the first gill-cleft breaks 
through in the fore section of the Amphi- 
oxus-embryo (generally forty hours after 
the conuncncement of development). It 
now begins to nourish itself independently, 
as the food material stored up in the ovum 
is completely used up. The furtherdevelop- 
meiit of the free larvae takes place very 
slowly, and extends over several months. 
The body becomes much longer, and is 
compressed at the sides, tlie head-end 
being broadened in a sort of triangle. 
Two rudimentary sense-organs are deve¬ 
loped in it. Inside we find the first blood¬ 
vessels, an upper or dorsal vessel, corre¬ 
sponding to the aorta, between the gut 
and the dorsal cord, and a lower or Ventral 
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vessel, corresponding to the subintestinal 
vein, ftt the U>wer border of the gut. 
Now, the gills or respiratory organs also 
are formed at the fore-end of the alimen¬ 
tary canal. The whole of the anterior or 
respiratory section of the gut is converted 
into a gill-crate, which is pierced trellis- 
wise by numbers of branchial-holes, as in 
the ascidia. This is done by the foremost 
part of the gut-wall joining star-wise with 
the outer skin, and the formation of clefts 




Fig. 233. 


nient the structure of the Amphioxus-larva 
is substantially the same as the ideal 
picture we have previously formed of the 
“Primitive Vertebrate" (Figs. cj8-io2). 
But the body afterwards undergoes various 
modifications, especially in the fore-part. 
These modifications do not concern us, as 
they depend on special adaptations, and 
do not affect the hereditary vertebrate 
type. When tlie free-swimming Amphi- 



Figs. 222-224.— Transverse sections of young 
AmphiOXUS-larvae (diai'raniniatk.from Ral^h.) <Cr 
also Fi^f. 216.) In Ftfr. 222 tliorc is frc.'C‘ coinmunication 
from without with tile nut-cavity through the giU- 
clclts fA'J. In Fig. 223 the lateral folds of the body- 
wall, or the gill-covcrs, which grow downwards, are 
formed. In Fi^r. 224 these lateral folds have united 
underneath and joined their edges in tli«.middlc line of 
the ventral side (A' seam). The respiratory water now 
passes from the gut-cavity into the mantle-cavity 
(A). The letters have the same meaning throughout: 
N medullary tube, Ch chorda, M latcr^ musclcH, Lh 
body-cavity, G part o( the bodv-cavity in which the 
sexual origans are subsegucntlv formed. D giit-eavity, 
clothed with the gut-gland haver f a), A mantle-cavity, 
A'gill-clefts, b — /: epidermis, A'l the same As visceral 
epithelium of the mantle-cavity. A'2 as parietal epithe¬ 
lium of the mantle-t.ivity. 


at the point of connection, piercing the 
wall and leading into the gut from with¬ 
out. At first there are very few of the.se 
branchial clefts; btit there are soon a 
number of tpem—first in one, then in two, 
rows. Tlie foremost gill-cleft is the oldest. 
In the end we have a sort of lattice work 
of fine gill-clefts, supported on a number 
of stiff branchial rods; these are connected 
in pairs by transverse rods. 

At an early stage of embryonic develop- 


oxus-Iarva is three months old, it abandons 
its pelagic habits and changes into the 
young animal that lives in tlie sand. In 
spite of its smallness (one-eighth of an 
inch), it has substantially the same struc¬ 
ture as the adult. As regards the remain¬ 
ing organs of the Amphioxus, we need 
only mention that the gonads or sexual 
glands are developed very late, imme¬ 
diately out of the mner cell-layer of the 
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body-cavity. Although we can find after¬ 
wards no continuation of the body-cavity 
(Fig. 216 in the lateral walls of the 
mantle-r.'ivity, in the gill-covers or 
mantle-folds (Fig. 224 f/), there is one 
present in the beginning (Fig. 224 IJi). 
The sexual cells #ire formed below, at the 
bottom of this continuation (Fig. 224 .S'). 
For the rest, the subsequent development 
into the adult Amphioxus of the larva we 
have followed is so simple that we need 
not go further into it here. 

We may now turn to the embrvology of 
the Ascidia, an anim.al that seems to 
stand so much lower .'ind to be so much 
more simply organised, remaining for the 
greater part of its life attached to the 
bottt>m of the sea like .a shapeless lump. 
Jt was a fortunate accident that Kovva- 
levsky first examined just those larger 
specimens of the Asi idim that show most 
clearly the relationship of the vertebrates 
to the invertebrates, and the l.irv.e of 
which behave ex.ictly like those of the 
Amphioxus in the first stages of develop¬ 
ment. This resembl.'ince is so close in 
tlic main features that we have only to 
repe.'it wh.at we have already said of thi* 
ontogenesis of the Amphioxus. 

The ovum of the Larger Ascidia {Phal- 
Jusia, Cynthia, etc.) is a simple round cell 
of "In to jif, of an inch in di.ameter. In 
the thick fine-grained yelk we find a clear 
round germinal vesicle of .about -Itt of an 
inch in diameter, .and this encloses .a 
sm.all embiyoniy spot or nucleolus. 
Inside the membr.ane that surrounds the 
ovum, the stem-cell of the Ascidia, after 
fecund.ation, passes through just the 
same metamorphoses as the stem-cell of 
the Amphioxus. It undergoes tot.al .seg¬ 
mentation ; it divides into two, four, 
eight, sixteen, thirty-two cells, and so on. 
By continued total cle.av.agc the morul.a, 
or mulberry-shaped cluster v)f cells, is 
formed. Fluid gathers inside it, and 
thus we get once more a globular vesicle 
(the blastula) ; the wall of this is .a single 
stratum of cells, the blastoderm. A real 
gastrula (.a simple bcll-gastrul.a) is formed 
from the blastid.a by invagination, In the 
same way as in the amphioxus. 

Up to this there is no definite ground 
in the embryology of the Ascidi.'c for 
bringing them into close rel.ationship 
with the Vertebrates ; the s.ame gastrula 
is formed in the s.amo way In m.any other 
animals of different stems. But we now 
find an embryonic process that is peculiar 
to the Vertebrates, and that proves irre- 


fragably the affinity of the A.scidi® to the 
Vertebrates. From the epidermis of the 
g.astrula a medullary tube is formed on the 
dorsal side, and, between this .and the 
primitive gut, a chorda; these are the 
organs that are otherwise only found in 
Vertebrates. The formation of these 
very important organs takes place In the 
A.scidia-g.istrula in precisely the .same 
vv'.ay .as In that of the Amphioxus. In the 
Ascidia (as In the other ca.se) the oval 
gastrula is first flattened on one side— 
the subsequent dor.s.il side. A groove or 
furrow (the medull.iry groove) is sunk in 
the middle line of the fiat surface, .and 
two p:u-allel longiludin.al sw’ellings arise 
on either side from the skin layer. These 
medullar}' swellings join together over 
the furrow, and form .a tube; in this case, 
.again, the neural or medullary tube is at 
first open in front, .-md connected with 
the primitive gut behind by the neiiren- 
teric canal, h'ut ther, in the Ascidia-I.-irva 
.'dso the two permanent apertures of the 
.aliment.ary ca.i.'d only .'ippear later, as 
independent and new formations. The 
permanent mouth d(U‘s not develop from 
the ^irimitive mouth of the gastrul.a ; this 
primitive mouth closes up, .and the later 
;mus is formed ne.ir it by invagination 
from without, on the hinder end of the 
body, opposite to the aperture of the 
medullary tube. 

During these important processes, that 
lake place in just the same way in the 
Amphioxus, a tail-like projection grows 
out of the posterior end of tlic larv.i-liody, 
and the l.irva folds itself up within the 
round ovolemma in such a way that the 
dorsal side is curved and the tail is forced 
on to the ventral side. In this tail is 
developed—starting from the primitive 
gut—.a cylindrical string of cells, the fore 
end of which pushes into the body of the 
larv.a, between the aliment.'iry canal and 
the neur.'il can.al, .-md is no other than the 
chorda dorsalis. This important org.an 
had hitherto been found only In the 
Vertebr.ates, not .a single trace of it being 
discoverable in the Inva'rtebrates. At 
first the chordii only consists of a single 
row of large cntocfermic cells. It is 
afterw.ards composed of several rows of 
cells. In the Ascidia-l.arva, also, the 
chorda developes from the dorsal midtlle ' 
part of the primitive gut, while the two 
cadom-pouches detach themselves from it 
on both sides. The simple body-cavity is 
formed by the coalescence of the two.^ 

When the Ascidia-larva has attained 
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this stage of development it begins to 
move about in the ovolcrnnia. This 
causes 'the membrane to burst. The 
larva emerges from it, and swims about 
in the sea by means of its oar-like tail. 
These free-swimming larv.'e of the Ascidia 
have been known for a long time. They 
were first observed by Darwin during 
his voyage round the world In 185^. 
They resemble tadpoles In outward 
appearance, and use their tails as oars, 
as the tadpoles do. However, this li\cly 
and highIy-de\elopcd condition dt)es not 
last long. At first there is a progressive 
development; the foremost part of (lie 
medullary tube enlarges into .1 brain, 
and inside this tw'O single sense-organs 
are developed, a dorsal auditory \esicle 
and a ventral e>e. Then a heart is 
formed on the ventral side of the animal, 
or the lower wall of the gut, in the same 
simple form and at the same spot at 
W’hich the heart is developed in m;m and 
all the other vertebrates. In tile K>wer 
muscular wall of the gut we find a weal- 
like thickening, a solid, spindle-shaped 
string of cells, whiih becomes hollow in 
the centre ; it bej^ins to contract in 
dilferent directions, now lorward ard nt)vv 
backward, as is the case with the adult 
Ascidia. In this way the sanguineous 
fluid accumul.ited in llie. hollow muscular 
tube is driven in .alternate directions into 
the blood-vessels, vv’hich deveK>p at bi>lh 
ends of the c.ardiac tube. One print ipal 
vessel runs along the dtu'sal side of the 
gut, antM her along its ventral side. The 
former corresponds to the .aorta and the 
dorsal vessel in the worms. The t)ther 
corresponds to the subintestinal vein and 
the ventr.al v essel of the vvt>rms. 

With the form.ition of these organs the 
progressive development of the Ascidia 
comes to an end, and degeneration sets 
in. The free-swimming larva sinks to the 
floor of the sea, abandons its loci>nu)tive 
habits, and att.iches itself to stones, 
marine plants, mussel-shells, cor.ils, .and 
other objects ; this is done with the part 
of the body that was foremost in move¬ 
ment. The attachment is effected by a 
number of out-growths, usu.ally three, 
which can be seen even in the frcc- 
swimming larv.a. The tail is lost, as 
there is no further use for it. It under¬ 
goes a fatty degeneration, and disappears 
with the chorda dorsalis. The tailless 
body changes into an unshapely tube, 
and, by the atrophy of some parts and 
the modification of others, gradually 


assumes the appearance we have already 
described. 

Among the living Tunicates there is a 
very interesting group of small animals 
that remain throughout life at the stage 
of development of the tailed, free Ascidia- 
larv.'i, and sw’im about briskly in the sea 
by means of their broad'o.ar-tail. These 
are the remarkable Copelata i^Appendi- 



Ficj. 235.— An Appendioaria (Copelata), seen from 
Ihc; k-fl. 'm nioiitli, k br;»ik-lirilB“*> " ffulk-'t. I’stonyich, 
n .inus, n br.'iiii (k.'hikI''’'' ;ibovc thi' gullet), ^.luditory 
vesKlu./cili.'acd iiiidcr the (jin'., A lie.irt, i testi¬ 

cles, oi’.'irj, f. chorda, s tail. 

caria and Vcxillaria, Fig. 225). They 
are the only living Vertebrates that have 
throughout life a chorda dorsalis and a 
neural string above it; the latter must be 
regarded as the prolongation of the 
cercbr^,! ganglion and the equivalent of 
the medullary tube. Their branchial gut 
also opens directly outwards by a pair of 
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branchial clefts. These instructive Cope- 
lata, comparable to permanent ..Ascidia- 
larVa;, come next to (he extinct Prochor- 
donia, tliose ancient worms which we 
must rcK'ard as tlie common ancestors of 
theTunicates and Vertebrates. Thechorda 
of the Appendicaria is a long, cylindrical 
string (h'ij;. 225 c), «and serves as an 
allachinent for the muscles tliat work the 
Hat oar-tail. 

.Among the various modifications which 
the Ascidia-larva undergoes after its 
establishment at the sea-floor, the most 
inleresfing (after the loss of the axial rod) 
is the atrophy of one of its chief organs, 
the medullary tube. In the Amphioxus 
the spinal marrow continues to develop, 
hut in the Ascidia the tube soon shrinks 
into a small and insignUicant nervous 
ganglion that lies above the mouth and 
.tile gill-crate, and is in accord with the 
extremely slight mental power of the 
.animal. This insi.gnificant relic of the 
medullary tube seems to be ijuite bej'ond 
comparison with the nerxoiis centre of 
the vertebrate, yet it started from the 
same structure as the spinal cord of the 
Amphioxus. Tlie sense-organs that had 
been developed in the fore p.irt of the 
neural lube are also K)st ; no trace of 
them can be found in the adult Ascidia. 
On the other hand, the alimentary canal 
becomes a most extensive organ. It 
divides presently into two sections -a 
wide fore or branchial gut that .serves for 
respiration, and a nan\)wer hind or 
hepatic gut that accomplishes digestion. 
The branchial or head-gut of the Ascidia 
is small at first, and opens directly out¬ 
wards only by a couple of lateral ducts or 
gill-clefts—a permanent arrangement in 
the Copelata. The gill-clefts are developed 
in the same way as in the Amphioxus. 
As their number greatly increases we gel 
a large gill-crate, pierced like lattice 
work. In the middle line of its\entral 
side we find the hvpobranchial groove. 
The mantle or cloaca-cavity (the atrium) 
that surrounds the gill-crate is also 


formed in the same way in the Ascidia as 
in the .Amphioxus. The ejection-opening 
of this peribranchial cavity corresponds to 
the branchial pore of the Aniphioxus. Iti, 
the <tdult Ascidia the branchial gut and 
the heart on its ventral side are almos.t 
the only organs that recall the original 
affinity with the vertebrates. 

The further development of the Ascidia 
in detail has no particular interest for us, 
and we will not go into it. The chief 
result that we obtain from its embryo¬ 
logy is the complete agreement with ifiat 
of the Amphioxus in the earliest jmd most 
import.mt embryonic stages. They ,do 
not begin to diverge until after the 
medullary tube and alimentary canal, and 
the axial rod with the muscles betwo^n 
the two, have been formed. The 
Amphioxus continues to advance, and 
resembles the embryonic forms of the 
higher vertebrates ; the Ascidia degene¬ 
rates more and more, <md at last, in its 
adult condition, has the appearance O'f a 
very imperfect inverlebrale. 

1 r we now loolv back on all the rL^rnark- 
able features we have encountered in the 
structure and the embryonic devekipment 
of the Amphioxus and the As.cidia, and 
compare thorn with the features of man’s 
embryonic development which we have 
previously studied, it will be clear that I 
have not exaggerated the importance of 
these very interesting animals. It is 
evident that the Amphioxus from the 
vertebrate side and the Ascidia from the 
invertebrate form the bridge by which we 
can span the deep gulf that separates the 
two great divisionsof the animal kingdom. 
The radical agreement of the lancclet and 
the sea-squirt in the first and most impor¬ 
tant .stages of development shows some¬ 
thing more than their close anatomic 
affinity and tlieir proximity in classifica¬ 
tion ; it shows also their real blood-relation¬ 
ship and their common origin from one 
and the .same stem-form. In this way, it 
throws considerable light on the oldest 
roots of man’s genealogical tree. 
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DURATION OF THE HISTORY OF OUR STEM 


Our comparative investigfation of the' 
anatomy and ontogeny of the Amphioxus 
and Ascidia has given us invaluable 
assistance. We have, in the first place, 
bridged the wide gulf that has existed up 
to the present I'Jetween the Vertebrates 
and Invertebrates; and, in the second 
place, we have discovered in the embryo¬ 
logy of the Amphioxus a number of 
ancient evolutionary stages that have 
long since disappeared from human 
embryology, and have been lost, in 
virtue of the law of curtailed heredity. 
The chief of these stages are the splierical 
hlastula (in its simplest primary form) 
and the succeeding archigastrula, the 
pure, original form of i\\\i ^nsirula which 
the Amphioxus has preserved to this day, 
and which wc find in the same form in a 
number of Invertebrates of various classes. 
Not less important are tlie later embryonic 
forms of the coelomula, the chordula, etc. 

Thus tlie embryology of the Amphioxus 
and the Ascidia has so much increased 
our knowledge of man’s stem-history that, 
although our empirical information is 
still very incomplete, there is now no 
defect of any great consequence in it. 
We may now, therefore, approach our 
proper task, and reconstruct the phylo- 
geny of man in its chief lines with the aid 
of this evidence of comparative anatomy 
and ontogeny. In this the reader will 
soon see the immense importance of the 
direct application of the biogenetic Law. 
But before we enter upon the work it will 
be useful to make a few general observa¬ 
tions that are necessary to understand the 
processes aright. 

We must say a few words with regard 
to the period m which the human race 
was evolved from the animal kingdom. 
The first thought that occurs to one in 
this connection is the vast dilTerence 
between the duration of man’s ontogeny 
and phylogeny. The individual man 
needs only nine months for his complete 
development, from the fecundation of the 
ovum to the moment when he leaves the 
maternal womb. The human embryo 
runs its whole course in the brief space of 


forty weeks (as a rule, 280 days). In 
many other mammals the time of the 
embryonic development is much the same 
as in man—for instance, in the cow. In 
the horse and ass it takes a little longer, 
forty-three to forty-five weeks; in the 
camel, thirteen months. In the largest 
mammals, the embryo needs a much 
longer period for its development in the 
womb—ajear and a half in the rhinoceros, 
and ninety weeks in the elephant. In 
these cases pregnancy lasts twice as long 
as in the case of man, or one and three- 
quarter years. In the smaller mammals 
the embryonic period is much shorter. 
The smallest mammals, the dwarf-mice, 
develop in three weeks ; hares in four 
weeks, rats and marmots in five weeks, 
the dog in nine, the pig in seventeen, the 
sheep in tweiUy-one and the goat in 
thirty-six. Birds develop still more 
quickly. The chick only needs, in normal 
circumstances, three weeks for its full 
development. The duck needs twenty- 
five days, the turkey twenty-seven, the 
peacock thirty-one, the swan forty-two, 
and the cassowary sixty-five. The 
smallest bird, the humming-bird, leaves , 
the egg after twelve days. Hence the 
duration of individual development within 
the fcctal membranes is, in the mammals 
and birds, clearly related to the absolute 
size of the body of the animal in question. 
But this is not the only determining 
feature. Thci'e arc a number of other 
circumstances that have an influence on 
the period of embryonic development. 
In the Amphioxus the earliest and most 
important embryonic processes take place 
so rapidly that the blastula is formed in 
four hours, the gastrula in six, and the 
ical vert^hnite form in twenty-four, 
n every case the duration of ontogeny 
shrinks into insignificance when we com¬ 
pare it w'ith the enormous period that has 
been necessary for phylogeny, or the 
gradual development of the ancestral 
scries. This period is not measured by 
years or centuries, but by thousands and 
millions of years. Many millions of years 
had to pass before the most advanced 
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vertebrate, man, wa§ evolved, step by 
step, from his ancient, unicellular ancestor*!. 
The opponent.s of evolution, who declare 
that this gradual development of the 
human form from lower animal forms, and 
ultimately from a unicellular orjj^anism, is 
an incredible miracle, forget that the same 
miracle takes place witliin the space of 
nine months in the embrj’onic development 
of every human being. Mach of us has, in 
the forty weeks - properly speaking. In the 
first four weeks- of his development in the 
womb, passed through the same series of 
transform.'itions that our animal ancestors 
underwent in the course t>f millions of 
years. 

It is impossible to determine even 
approximately, in hundreds or even thou¬ 
sands of years, the real and absolute dura¬ 
tion of the phylogenetic period. Hut for 
.some time now we have, through the 
research of geologists, been in a position 
to assign the relative length of the v.arioiis 
sections of the organic history of the earth. 
The immediate data for determining this 
relative length of the geological periods 
are found in the thickness of the sedi¬ 
mentary .strata—the strata that have been 
formed at the bottom of the sea or in 
fresh water from the mud or slime 
deposited there. These successive layers 
of limestone, sandstone, slate, marl, etc., 
which make up the greater part of the 
rocks, and are often several thousand feet 
thick, give us a standard for computing 
the relative length of the various periods. 

To make the point quite clear, I must 
say a word about the evolution of the 
earth in general, and point out briefly the 
chief features of the story. In the first 
place, we encounter the principle that on 
our planet organic life began to e.xist at 
a definite period. That statement is no 
longer disputed by any competent geolo¬ 
gist or biologist. The organic history of 
the earth could not commence until if was 
possible for water to settle on our planet in 
fluid condition. Ever\ organism, without 
exception, needs fluid wafer as a condi¬ 
tion of existence, and contains a consider¬ 
able quantity of it. Our own body, when 
fully formed, contains sixty to seventy per 
qent. of water in its tissues, and only 
thirty to forty per cent, of solid matter. 
There is even more water In the body of 
the child, and still more in the embryo. 
In the earlier stages of development the 
human foetus contains more thati ninety 
per cent, of water, and not ten per cent, of 
solids. In the lower marine animals, 


especially certain medusae, the bod;^ con¬ 
sists to the pxtent of more than ninety- 
nine per cent, of sea-water, and has not 
one per cent, of solid matter. No organism 
can exist or discharge its functions with¬ 
out water. No water, no life ! 

But fluid water, on which the existence 
of life primarily depends, could not exist 
on our planet until the tcmpeniture of the 
surface of the incandescent sphere had 
sunk to a certain point. Up to that time 
it remained in the form of steam. But as 
soon as the first fluid wafer could be con¬ 
densed from the envelope of steam, it 
began Its geological action, and has ct>n- 
tinued down to the present day to modify 
the solid crust of the o.arth. The final 
outcome of this incess.ant action of the 
water—wearing down and dissolving the 
rocks in the form of r.iin, hail, snow, and 
ice, as running stream or boiling surge— 
is the formation of mud. As Huxley says 
in his admirable Li'ctiiri's on the Causes of 
l^henomena in Organic Nature, the chief 
document ;is to the past history of our 
earth is mud ; the question of the history 
of past ages resolves itself into :i question 
about the formation of mud. 

As 1 have said, it Is possible to form an 
approximate idea of the relative age of 
the various strata by comparing them .at" 
dilTerent parts of the earth’s .surface. 
Geologists have long been agreed that 
there is a definite historical succession of 
the dilferent strata. The various super¬ 
imposed layers correspond to successive 
periods in the organic history of the earth, 
in which they were deposited in the form 
of mud at the bottom iT the sea. The 
mud was gradually ctinvcrtcd into stone. 
This was lifted out of the water owing to 
variations in the earth’s surface, and 
formed the mountains. As a rule, four 
or five great divisions are distingui.shed 
in the organic history of the earth, corre¬ 
sponding to the larger and smaller groups 
of the sedimentary strata. The larger 
periods are then sub-divided into a series 
of smaller ones, which usually number 
from twelve to fifteen. The comparative 
thickness of the groups of .strata enables 
us to make an approximate calculation of 
the relative length of these various periods 
of time. We cannot say, it is true, “ In 
a century a stratum of a certain thickness 
(about two feet) Is formed on the average; 
therefore, a layer i ,000 feet thick must be 
500,000 years old.” Different strata of 
the same thickness may need very^different 
periods for their formation. But from 
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the thickness or size of the stratum we 
can draw some conclusion as to the 
relative length of the period. 

The first and oldest of the four or five 
chief divisions of the organic history of 
the earth is called the primordial, archaic, 
or archeozoic period. If we cony^ute the 
total average thickness of the sedimentary 
Strata at about 130,000 feet, this first 


(7 : t) indicate—possibly 9 ; fa. Of late 
ears the thickness of the archaic rocks 
as been put at 90,000 feet. 

The primordial period falls into three 
subordinate sections—the Lauren tian, 
Huronian, and Cambrian, corresponding 
to the three chief groups of rocks that 
comprise the archaic formation. The 
immense period during which these rocks 


SYNOPSIS OF THE PALEONTOLOGICAL FORMA¬ 
TIONS, OR THE FOSSILIFEROUS STRATA OF 

THE CRUST 


Groups. 


Systems. 


Formations. 


Synonyms of 
Formations. 


V. Aiithropolilliic 

jjroiips, or 
antliropozoif 
(qiiatfriiary) 
gnnips of strata. 


IV. Cenolitliii- 

(Tfoups. r>r 
ci-no 7 ,oic 
(tertiary) 
groups of strata. 


XTV. Ueeeiit 
’ (.tlluv iiini) 

Xtll. I’Uistoeene 
> (ililii\iiiio). 

XI r. Plioieiie 
(iieo-terli.ir\). 
XI. Miocene 
(inulille lerl i.irj) 
Xl>. Oligoeeiu; 
(olJ terli.'iry). 

Xa Koi ene 
j (primitive U . li.ir) ) 


( ‘ .l«. Present. 

I i ,t 7 - Iveceiit. 

I . .50 Post-n:l.-ici.il. 

I tilaci.'il. 

f 34. Arverne. 

SuKipeiinine 
jj. Paliin. 
ji. T.inibourg. 
fii. .'\i|iii(.iine, 
jc). Li^,■•urlllm. 

.•S. Uypsiim. 

Coarse ch.-ilk. 

London ('l.'ty. 


Itjiper .illu\ ial. 
I.tnver .illiii i.il. 
I’jiper diUivi.il. 
l.ower diliiM.'il. 

I’pjn'r pliocene. 
Lower pluici’iie. 
l^ppi-r mlot ene. 
Lower niloii'iie. 
I'pper oliqocerie. 
Lower oligoceno. 
t'jiper I’ocene. 

M idille eiK'ene. 
Lower coci'iie. 


III. Mesolithic 
groups, or 
mesozoic 
(secondary) 
groups of strata. 


II. Paleolithic 
groups, or 
p,aleozoic 
(primary) 
groups of strata. 


I., Archeolithic 
groups, or 
archeozoic 
(primordial) 
groups of strata. 


IX. Ch.'ilk 

(cret.ici ous). 


VI II. Jur.assie. 


VII. Triassic. 


Vlh. Permian. 


V^Ia Carboniferou' 
(coal-measures). 


V. Itevonian. 


IV. Silurian. 


!■ 


/ 


a.I- 

24 - 


18. 

' 7 - 

l(l. 

i.'i- 


White chalk. 

Green s.ind, 

Neoconi.'in. 

Wc.’ilclen. 

Portland. 

Oxford. 

B.ath. 

Lins. 

Keuper. 

Muschelk.alk. 

nuntcr. 


J I 14. Zcchstcin. 

1 5. Neurot sand. 
Carhonitcrous 
sandstone. 
C.irbonitcroiis 
limestone. 
Pilton. 
Ilfracombe. 
I.inton. 
T.iidlow. 
Wenlock. 
Llandeilo. 


Upper cretaceous. 
Middle cret.aceoiis. 
l.ower cretaceous. 

Weald-foi mat ion. 
Upper oolithic. 
Middle oolilliu. 
Lower oolithic. 
Liashii. 

Upper triassic. 
Middle triassic. 
Lower triassic. 

Upper perm .,i. 
Lower permian. 
Upper carboniferous. 

Lower carboniferous. 

Upper devimi.an. 
Middle devonian. 
Lower devonian. 
Upper Silurian. 
Vliddle Silurian. 
Lower silurian. 


III. Cainbri .in. 

II. Huronian. 
1 . Laurenti.'in. 


Potsdam. 
Long my nd. 
Labrador. 
Ottawa. 


U|’p.‘r Cambrian. 
I.i T Cambrian. 
Upjier l.aurentlan. 
Lower laurentian. 


period compri.se.s 70,000 feet, or tlie greater 
part of the whole. For llii.s and other 
reasons we may at once conclude that the 
corresponding primordial or archeolithic 
period must have been in itself much 
longer than the whole of the remaining 
periods together, from its close to the 

J jresent day. It was probably much 

onger than the figures J have quoted 


were forming in the primitive ocean 
probably comprises more than 50,000,000 
years. At the commencement of it the. 
oldest and simplest organisms were 
formed by spontaneous generation—the 
Monera, wilSi which the history of life on 
our planet opened. From these were 
first developed unicellular organisms of 
the simplest character, the Protophyta 
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and Protozoa (paulotpme^^ apioeb®, rliizo- 
pbds, infusoria, and other Protists)i( 
Dufing this period the whole of the 
invertebrate ancestors of the human race 
Mvere evolved from the unicellular organ* 
isms. We can deduce tlKs from the fact 
th.'it we already find remains of ibssiliscd 
fishes (.Sclachii and (lanoids) towards the 
close of* the following .Silurian period. 
These are much more advanced and much 
younger than the lowest vertebrate, the 
Amphioxtis, ;ind the numerous skull-Ie.ss 
vertebrates, related to the Amphio.vus, 
that must have lived at that time. The 
whole of the invertehrale ancestors of the 
human race must have preceded these. 

The primordial age is followed by a 
much sljorter di\ision, the paleozoic or 
IVimary age. It is divided into four long 
periods, the .Silurian, Devonian, Carhoni-, 
ferous, and Permian. The Silurian strata 
are particularly interesting because they 
contain the first fossil traces of vertebrates 
—teeth and scales of .Selachii (Paheodtis) 
in the lower, and Ganoids (Ph'mspis) in 
the upper Silurian. During the Devonian 
period the “old rod sandstone” was 
formed ; during the Carboniferous period 
were deposited the vast coal-measures 
that yield us ourchiefcomhustive material; 
in the Permian (or the Dyas), in fine, the 
new red sandstone, the Zechstein (mag¬ 
nesian limestone), and the Kupferschiefer 
(marl-slate) were formed. The collective 
depth of these strata is put at 40,(xxi to 
45,OCX) feet. In any case, the paleozoic 
age, t.aken as a whole, w'as much shorter 
than the precc Ung and nvuch longer than 
the subsec|uent periods. The str.ala that 
were de])OHited during this primary epoch 
contain a large number of fossils ; besides 
the invertebr.ate species there arc a good 
many vertebrates, and tlic fishes prepon- 
der.ite. There were so many fishes, 
especially primitive fis' es (of the .shark 
type) .and plated fishes, during the 
Devonian, and .al.so during the Carboni¬ 
ferous and Permian I'eriods, that we may 
describe the whole paleozoic period as 
“the .age of fishes.” Among the paleozoic 
plated fishes or Ganoids the Crossopterygii 
and the Ctenodipterina (dipneusts) are of 
gre.al importance. 

During this period some of the fishes 
began to ad.apt, themselves ta living on 
land, and so gave rise to the aass of the 
anipliibia. We find in the Carboniferous 
period fossilised remains of five-toed 
amphibia, the oldest terrestrial, .air- 
breathing vertebrates. These amphibia 


increase in variety in the Permian epoch. 
Towards the close of it we find thB first 
Amniotes, the aficegtors of the three higher 
classes of Vertebra test. ’ Tliese are lizard¬ 
like animal^ the first to be discovered 
was the Pr^a^aurus, from the marl At 
Eisen.ach. ^he rise of tlie earliest 
Amniotes, among which must have been 
the common ancestor of the reptiles, birds, . 
and mammals, is put back towards the 
close of the paleozoic age by the dis- 
covei-y of these reptile renifuns. The 
.ancestors of our nacb during this period 
were at first represented by true fishes, 
then by dipneusts and amphibia, sind 
finally by the e.'irliesL Amniotes, or me 
Protainniotes. 

The third chief section bf the organplc ■ 
history of tho earth is the Mesozoic hr 
Secondary period. This again is sub¬ 
divided into three divisions : Triassic, 
Junissic, and C'retaccous. The thicknes^ 
of the strata th.'it were deposited in this 
period, from the beginning of the Triassic 
"lo the end of the Cremceous period, is 
altogether about 15,000 feet, or not half 
as much as the paleozoic deposits. 
During this period there w'as a very brisk > 
and nuinifold development in all branches 
of the animal kingdom. There were 
especially a number of new and interest¬ 
ing forms evolved in the vertebrate stem. 
Hoii}- lislies (Telcostei) make their first 
appcar.'incc. Reptiles aro found in extra¬ 
ordinary variety and number ; the extinct 
giant-serpents (dinos.'iuria), the sea- 
serpents (halisauria), and the flying 
lizards (pteros.'iuria) are the most remark¬ 
able :ind best known of these. On 
account of this predominance of the 
reptile-class, the period is called “the 
age of reptiles.” But the bird-class was f 
also evolved during this period ; they 
certainly originated from some division of 
the lizard-like reptiles. This is proved 
by the cmbr3'^ological identity of the birds 
and reptiles and their comparative 
.'inaloiny, and, among other features, 
from the circumstance that in this period 
there were birds with teeth in their jaws 
and with t.iils like lizards (Archaeopteryx, 
Odontornis). 

Finally, the most advanced and (for us), 
tlie most important class of the verte¬ 
brates, the mammals, made their appear-^; 
ance during the mesozoic period. The': 
earliest fossil remains of them were found ^ * 
ijii thb latent Triassic strata—lower . 

of small ungulates and marsupials. More . , 
numerous remains are found a little later^ ;|i 
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in the Jurassic, and some in the Creta¬ 
ceous. All the mammaf remains that we 
have fropi this section belton^ to the lower 
promammals and --marsupials; among 
these were most certainly Jjie ancestors 
of the human - race. On tHi other hand, 
we have not found a singK^ndisputable 
fossil of any higher mammal (a placental) 
in the whole of tliis period. This division 
of tlie iriammals, which includes man, 
was not developed lentil later, towards (he 
close of this or in the following pcriixl. 

The fourth section of the org-anic history 
of the earth, the Tertiary or C'enosoic 
age, was much shorter than the pre¬ 
ceding. The strata that were deposited 
during this period Iiave a collective thick¬ 
ness of only about 3,(xxj feet. It is sub¬ 
divided into four .sections—the Kcx:ene, 
Oligocene, Miocene, and Pliocene. During 
these periods there was a verj' v.iried 
development of higher plant and animal 
forms ; the fauna and llora of our planet 
ai^roached nearer and ne.irer to the 
, character that they hear to-d,'iy. In 
particular, the most advanced class, the 
mamm.als, began to preponderate. Hence 
the Tertiary period may be called “the 
ageof miuTunals.” The highest section of 
tliis class, the pl.-icenlals, now made their 
appearance; to this group the human 
race belongs. The tir.st appearance of 
man, or, to be more precise, the develop¬ 
ment of man from some closely-related 
group of apes, probably falls in cither the 
miocenc or tlie pliocene period, the middle 
or the last section of the Tertiary period. 
Others believe that man properly so-called 
—man endowed with speech—was not 
evolved from the non-speaking ape-man 
(Pithecanthropus) until the following, 
f the anthropozoic, age. 

In this fifth and la.st .section of the 
organic history of the earth we have the 
full development and dispersion of the 
various races of men, and so it is 
called the Anthroposoic as well as the 
Quaternary period. In the imperfect 
condition of paleontological and ethno¬ 
graphical science we cannot as yet give a 
confident answer to the question whether 
the evolution of the human race from 
some extinct ape or lemur took place at 
the beginning of this or towards the 
middle.or the end of the Tertiary period. 
However, this much is certain : the 
*t<fevelopment of civilisation falls in the 
' anthropozoic age, and this is merely an 
insignificant fraction of the vhst period‘of 
> the whole history of 'Jifa When '"we, 
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remember thi!|, ,it seems .ridiculou.s to 
Restrict the ifford “ historj^^” to thexivilised 
period. If we divide into ,u > hundred, 
equal parts the whole period ofithe history 
of life, from the spontaneous generation; 
of the first Momera to the present day, 
and if We then represent the relative 
duration of the five chief sections or ages, 
as calculated from the average »thickncss 
of the strata they contain, as percentages 
of this, we gel something like the follow¬ 
ing relation :— 

1 . AtcheoHlhic or archcozoic (prim¬ 
ordial) age .53 6 

II. P.ik'olilhic or paleozoic (primary) 

age .32 I 

III. Mesolithic oi- nicsozoic (secon¬ 
dary) age. ... ... 11 5 

IV'. Cenolithic or ceno/oic (tertiary) 

age... . ... 2 3 

V. Aiillinipolilhic or anthropozoic 

(quaternary) age . q 5 


100 o 

In any case, the “historical period” is- 
an insignificant tiuantily compared with 
the vast length of the -preceding ages, in 
which tliere was no‘ que.slion of luiman 
e'cistence on our planet. Even the hn- 
porlant Cenozoic or Tertiary peritxl, in 
which the first placenlals or higher 
mammals appear, probably amounts to 
little over two per cent, of the whole 
organic age. 

Before w'e approach our proper task, 
and, with the aid of our ontogenetic 
acquirements and the biogenctic law, 
follow step by step the paleontological 
development of our animal ancestors,'let 
us glance for a moment at another, and 
apparently quite remote, branch of science, 
a general consideration of which w'ill help 
us in the solving of a difilcult problem. 
I mean the science of comparative philo¬ 
logy. Since Darwin gave new life to 
biology by his theory of selection, and 
raised the question of evolution on all 
sides, it, has often been pointed out that 
there is a remarkable analogy between 
the development of languages and the 
evolution of species. The comparison is 
perfectly just and very instructive. We 
could hardly find a better analogy when 
we are dealing with some of the difficult 
and obscure features of the evolution of 
species. In both cases ye find the action 
of the .sa/he natural law's. 

All philologists of any competence in 
their science now agree that all human 
languages have been gradually evolved 
from very rudimentaiy beginnings. The 
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idea that speech is a gift of the gods— 
an idea held by distinguished authorities 
only fifty years ago—is now generally 
abandoned, and only supported by iheo- 
lesgians and others who admit no natural 
development whatever. Speech has been 
developed simultaneously with its organs, 
the larynx and tongue, and with the 
funcliotis of the brain. Hence it will be 
quite natural to find in the evolution and 
classification of languages the same 
features as in the evolution and classifi¬ 
cation of organic species. The various 
groups of languages that are distin¬ 
guished in philology as primitive, funda¬ 
mental, parent, and daughter languages, 
dialects, etc., correspimd entirely in their 
development to the dilTeront categories 
which we classify in /oology and botany 
as stems, classes, orders, families, gonera, 
species, .and varieties. The relation of 
these groups, partly co-ordinate iuul partly 
subordinate, in (he general scheme is just 
the same in both cases ; and the evolution 
follows (he same lines in both. 

When, with the assistance of this tree, 
we follow the formation of (he various 
languages that have been developed from 
the common root of the ancient Indo- 
Germanic tongue, we get a very clear 
idea of (heir phylogeny. We sli.ill see at 
the same time how analogous this is to 
the development of the various groups of 
vertebrates that have arisen from (he 
common stem-form of the primitive verte¬ 
brate. The ancient Indo-Germanic root- 
language divided first into two principal 
stems — (he Slavo-Germanic and the 
Aryo - Romanic. The Slavo - Germanic 
stem then branches into the ancient 
Germanic and the ancient Slavo-Letlic 
tongues; the Aryo-Romanic into the 
ancient .\ryan and the ancient Greco- 
Roman. J f we still follow the genealogical 
tree of these four Indo-Germanic tongues, 
we find that the ancient Germanic 
divides into three branches—the .Scandi¬ 
navian, the Gothic, and the German. 
From the ancient German came the High 
German and Low German ; to (he latter 
belong the Frisian, Saxon, and modern 
Low-German dialects. The ancient Slavo- 
Letlic divided first into a Baltic and a 
Slav language. The Baltic gave rise to 
the Lett, Lithuanian, and old-Prussian 
varieties ; the .Slav to the Russian and 
South-Slav in the south-east, and to the 
Polish and Czech in the w'est. 

We find an equally prolific branching 
of its two chief stems when we turn to 


the other division of the 1 ndo-Germajme" 
languages. The Greco-Roman divided 
into the Thracian (Albano-Greek) and the 
Italo-Celtic. From the latter came the 
divergent branches of the Itidic -(Roman 
and Latin) in the south, and the Celtic in 
the •north: from the letter have been, 
developed all the British (ancient British, 
ancient Scotch, and Irish) and Gallic 
varieties. The ancient Aryan gave rise 
to the numerous Iranian and** Indian 
languages. , <> 

Tliis “comparative anatomy” and evo¬ 
lution of languages admirably illustrates 
(he phylogeny of species. It Is clear thjat 
in structure .ind development Ute priiiii- 
tive language>., mother and daughter 
languages, and varieties, correspond 
exactly to the classes, orders, genera,, 
and species of (he animal world. ' In both 
cases the “ natural’ system is phylo¬ 
genetic. As we h;ive been convinced 
from comparative anatomy and pijtogeny, 
and fn»ni jvileonlology, that .all past ajid 
living \ ertebr;it‘'s descend from a commoti 
.'incestor, .so the compamlive study of. 
de.'id and living^ Indo-Germanic tongue^ 
proves beyond question th.at they are all 
modifications of one primitive language. 
This view of their origin is no.w accepted 
by all the chief philologists who have 
worked in this biiinch and are unpreju¬ 
diced. 

But the point to which 1 de.sire particu¬ 
larly to dniw the re.ider’s attention in fliis' 
comparison of the Indo-Germanic lan¬ 
guages with the branches of the vertebrate 
stem is, that one must never ctjnfusc direct 
descendants with coll.ateral branches, nbr 
extinct forms with living. This confusion 
is very common, :md our opponents often 
in.ake use of the erroneous ide.as it gives 
rise to for the purpose uf .attacking evplu- 
tion generally. When, for instance, we 
s.ay that man descends from the ape, this 
from the lemur, and the lemur from the 
m.arsupial, many people Imagine that we 
are speaking of the living species of these 
orders of mainm.als that the) find stuffed 
in our inuseum.s. Our opponents then 
foist (his idea on us, and ,say, with more 
astuteness than intelligence, that it is 
quite impossible; or they ask us, by way 
of physiological experiment, to turn a 
kangaroo into a lemur,, a lemur into a* 
gorilla, and a gorilla into a man ! The 
demand is childish, and the idea it rests 
on erroneou.s. All these living forms have 
diverged more or less from the ancestral 
form ; none of them could engender the 
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same posterity, that the stem-form really 
‘ produced thousands of years 

.It is,,certain that man has«descendcd 
from some extinct mammal; and uc 
should jusjt as certainly class this in the 
order of apes if we had it before us. It is 
equallyvCertain th#t this primitive ape 
descended in ^turn from an unknown 
lemut^, knc|'this from an extinct marsu¬ 
pial. But it is just aS clear that all these 
extinct ancestral forms can only be 
claimed as Jjelongin^ to the living order 
* of mammals in virtue of their essential 
internal structure and their re.semblance 
in the decisivemnailomic characteristics of 
each trrdt’r,^ In external appearance, in 
' the characteristics of the or species, 

they would dilTer more or Jess, perhiips 
very coiiijiderably, fnun all living repre-» 
sentatives of those orders. It is a uni¬ 
versal and natural procedure in phjlo- 
genctic development that the stem-forms 
thcinselves^with their specifi®(|ieculiarlties, 
have^beeif extinct for some time. I'he 
forms that approadi nearest to them 
among the living species are more or less 
—-'perhaps very substantially — dilfereiit 
from them. Hence in our phylogenetic 
inquiry and in the comparative study of 
the* living, divergent descendants, there 
can only be a question of determining the 
greater or less remoteness of the latter 
fronj the ancestral form. Not a single 
one'tif the older stem-forms has continued 
uiwhftnged down to our time. 

We find just the same thing in com¬ 
paring the various dead and living 
langtiages that have developed from a 
common primitive tongue. J f we examine 
our genealogical treeof the Indo-Ciernianic 
languages in this light, we sec at once 
thp.t all the older or parent tongues, of 
W’hich we regard thp living varieties of 
the stem as divergent daughter t)r grand¬ 
daughter languages, have been extinct 
■for some time. The Aryo-Romanic and 
the Slavo-Germanic longues havi‘ com- 
pletdy disappeared ; so also the Aryan, the 
Greco-Roman, the Slavo-Lettic, and the 
ancient Germanic. l''ven their daughters 
and grand-daughters have been lost; all 
the living Indo-Germanic languages are 
only related ip the sense that they are 
divergent descendants of common slem- 
foruts. Some forms have diverged more, 
and some less, from the original stem- 
form. 

■This easily demonstrable fact illustrates 
very well the analogous case of the origin 
vertebrate species. Phylogenetic 
^ A- ' VOL. li. 


comparative' philology here yields a 
strong support to phylogenetic compara¬ 
tive zoology. But tile one can adduce 
more direct evidence than the other, .as the 
p;ileontological m.iterial of philology - the 
old monuments of the extinct tongue— 
li.'ive been preserved much better than the 
paleontological material of zoology, the 
fossilised bones and imprints of verte¬ 
brates. 

We may, however, trace man’s genea¬ 
logical tree not only ;is far as the lower 
mammals, but much further- to the 
amphibl.i, to the shark-like primitive 
fishes, and, in fine, to the skull-less verte¬ 
brates that tiosely resembled the Am- 
phioxus. But this must not be under¬ 
stood in the sense th.il the existing 
.Amphloxus, or the sharks or amphibia of 
to-day, can give us .any idea yf the ex¬ 
ternal appear.uice of these remote stem- 
forms. .Still less must It be thought that 
the Amphioxus or any actual shark, or 
any living species of amphihi.i, is a real 
•ancestral form of the higher vertebrates 
and m.an. The statement can only 
rationally mean that the living forms 1 
have referred to are collateral lines that 
.are much more closely related to the 
extinct stem-forms, and have retained the 
resemblance much belter, than <iny other 
animals we know, 'fhey are still so like 
them in reg.ird to their distinctive internal 
structure that we should put them in the 
s.ame iJass with the extinct forms if we 
h.id these before us. But no direct 
descendants of these earlier forms have 
remained unch.ingcd. lleiici- we must 
entirely abandon the idea of finding 
direct ancestors of the human race in 
their characteristic external pn m among 
the living spc'cies of anim.als. The essen¬ 
tial and distinctive features that still 
connect living forms more or less closely 
with the extinct common stem-forms lie 
in the in tern, d structure, rot the external 
appear.ance. The latter has been much 
modified by ad.iptalion. The former 
has been more or less pieserved by 
heredity. 

C'ompar.'ilive .anatomy and tintogeny 
pnive beyond question that man is a true 
vertebrate, and, therefore, m.an’s special 
gene.alogical tree must be connected with 
that of the other Vertebnites, which spring 
from a common root with him. But we 
have also many important grounds in 
comparative anatomy and ontogeny for 
assuming a common origin for all the 
Vertebrates. If the general theory of 
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evolution is correct, all the Vertebrates, 
including' man, come from a single 
common ancestor, a long-extinct “ Primi¬ 
tive Vertebrate. ” Hence the genealogical 
tree of the Vertebrates is at the same time 
that of the human race. 

Our task, therefore, of constructing 
man’s genealogy becomes the larger aim 
of discovering the genealogy of the entire 
vertebrate stem. As we now know from 
the comparative anatomy and ontogeny of 
the Amphioxiis and the Ascidia, this is in 
turn connected with the genealogical tree 
of the Invertebrates (directly with that of 
the Vermalia), but has np direct connec¬ 
tion with the independent stems of the 
.Articulates, Molluscs, and lichinoderms. 
if we do thus follow our ancestral tree 
through various stages down to the lowest 
worms, wis come inevitably to the Gastrtpa, 
that most instructive form that gives the 
clearest possible picture of an animal with 
two germinal layers. The Gastr.'ca itself 
has originated from the simple multi¬ 
cellular vesicle, the li/asttrn, and this in 
turn must have been evolved from the 
lowest circle of unicellular animals, to 
which we give the name of Protozoa. 
We have Jilready considered the most im¬ 
portant primitive type of these, the uni¬ 
cellular Amo'lm, which is extremely in¬ 
structive when comp.'ired with the human 
ovum. With this we reach the lowest of 
the solid data to which we are to apply 
our biogenelic law, and by which we may 
deduce the extinct ancestor from the 
embryonic form. The anaeboid nature 
of the young ovum and the unicellular 
condition in which (as stem-cell or cjtula) 
every human being begins its existence 
justify us in allirming that the earliest 
ancestors of the human race were .simple 
amceboid cells. 

But the further question now arises: 
“Whence came these first anaebm with 
which the history of life began at the 
commencement of the Laurentian epoch?” 
There is only one answer to this. The 
earliest unicellul.ar organisms can only 
have been evolved from the simplest 
organisms we know, the Monera. These 
are the simplest living things that we can 
conceive. Their whole body is nothing 
but a particle of plasm, a granule of living 
albuminous matter, discharging of itself 
all the essential vital functions that form 
the material basis of life. Thus we come 
to the last, or, if you prefer, the first, 
question in connection with evolution— 
the question of the origin of the Monera. 


This is the real question of the origin of 
life, or of spontaneous generation. ^ , 

We have„neither apace nor occasion to 
go further in this Chapter into the ques¬ 
tion of spontaneous generation. For this 
1 must refer the reader to the fifteenth 
chapter of the History of Creation^ and 
especially to the second book oi\X\e. General 
Morphology^ or to the essay on “ The 
Monera and Spontaneous Generation ” irt 
n\y Stiidies of the Monera and otherProtists^ 

I have given there fully my own view of 
this important question. The famous 
botanist Nagcii afterwards (1884) de¬ 
veloped the same ideas. 1 will only say 
a few words here about this obsCure 
question of the origin of life, In .so far, as 
our main subject, organic evolution> in 
general, is alfected by it. Spontanerjus 
gener.'ition, in the definite and restricted 
.sense in which I maintain it, and claim 
that it is ;i necessary hypothesis in ex¬ 
plaining the origin of life, refers solely to 
the e\oIution of the Moner.i from inor¬ 
ganic carbon-compounds. When living 
things made their first appearance on our 
planet, the very complex nitrogenotis 
compound of carbon that we call plasson, 
which is the earliest material embodiment 
of vital action, must have been formed i(i 
a purely chemical way from inorganic 
carbt)n-compounds. The first Monera 
were formed in the sea by spontaneous 
generation, as crystals arc formed in the 
mother-water. Our demand for a know- 
led}.>e of causes compels us to assume this. 
If we believe th.it the whole inorganic 
history of the earth has proceeded on 
mechanical principles without any inter- 
\'entIon of a Creator, and that the history 
of life also has been determined by the 
same mechanical laws; if we see that 
there is no need to admit creative action 
to explain the origin of the various groups 
of organisms ; it is utterly irrational to 
assume such creative action in dealing 
with the first appearance of organic life on 
the earth. 

This much-disputed question of “ spon¬ 
taneous generation ” seems so obscure, 
because people have associated with the 
term a mass of very different, and often 
very absurd, ideas, and have attempted 
to solve the difficulty by the crudest 
experiments. The real doctrine of the 
spontaneous generation of life cannot 
possibly be refuted by experiments. 

The Engrlish reader will find a luminou.s and Up-to- 
date chapter on the subject in Haeckel’s recently-' 
written aiid translated Wonders of Life. — Trans. 



ovr protist ancestors 


SMJjfc" 


Every experiment that has a nega¬ 
tive result only proves that no organ¬ 
ism has been formed out of inorganic 
matter in the conditions—highly artificial 
conditions—we have established. On the 
other hand, it would be exceedingly diffi¬ 
cult to prove the theory by way of experi¬ 
ment ; and even if Monera were still 
formed daily by spontaneous generation 
(which is quite possible), it would he very 
difficult, if not impossible, to find a solid 
proof of it. Those vvho will not admit 
the spontaneous generation of the first 
living things in our sense must have 
recourse to a supernatural miracle ; and 
this is, as a matter of fact, the desperate 
resource to which oyr “ exact ” scientists 
are driven, to the complete abdication of 
reason. 

A famous Knglisli physicist, T..ord 
Kelvin (then .Sir W. Thomson), attempted 
to dispense with the hypothesis of spon¬ 
taneous generation by assuming that the 
organic inhabitants of the earth were 
developed from germs that came from the 
inhabitants of other planets, .ind that 
chanced to fall on our pi.met on fragments 
of their original home, or meteorites. 
This hypothesis found many sujiporters, 
among others the distinguished German 
physicist, Helmholtz. However, it was 
refuted in 1872 by the .able physicist, 
Friedrich Zollner, of Leipzig, in his work, 


I On the Nature of Comets. lie show'ed 
clearly hov' unscientific this hypothesis is; 
firstly in point of logic, and secondly in 
point of scientific content. At the same 
time he pointed out that our hypothesis 
I of spontaneous generation is “ a necessary 
condition for understanding nature accord¬ 
ing to the law of causality.” 

1 repeat that we must call in the aid of 
! the hypothesis only as regards the Monera, 
j the structureless “ organisms without 
organs.” livery complex oiiganism must 
have been evolved from some low'er 
organl.sm. We must not assume the spon- 
taneouii gencnition of even the simplest 
cell, for tills itself consists of at least two 
parts—the internal, firm nuclear sub¬ 
stance, and tlie external, softer cellular 
substance or the protoplasm of the cell- 
body. These two piirts imist^j^have been 
formed by difiereiitiation from the indif- 
I ferent pl.'isson of ;i moneron, or a cylode. 

] For this reason the natural history of the 
j Monera is of great interest ; here alone 
1 can we find the means ti» overcome the 
chief dilliculties of the problem of spon- 
i taneous gener.alion. The actual living 
I Monera are specimens of such organless 
or structureless organisms, as they must 
liave been formed by spontaneous genera¬ 
tion at the commencement of the history 
of life. 


Chapter XIX. 

OUR PROTIST ANCESTORS 


Under the guidance of the biogenetic 
law, and on the basis of the evidence we 
have obtained, we now turn to the in¬ 
teresting task of determining the .series 
of man’s animal ancestors, Phylogeny 
as a whole is an inductive science. From 
the totality of the biological processes in 
the life of plants, animals, and man we 
have gathered a confident inductive idea 
that the whole organic population of our 

E lanet has been moulded on a harmoniou.s 
iw of evolution. All the interesting 


phenomena that we meet in ontogeny and 
paleontology, comparative anatomy and 
dysleleology, the distribution and habits 
of organisms—all the important general 
laws that wc abstract from the phenomena 
of these .sciences, and combine in har¬ 
monious unity—are the broad bases of 
our great biological induction. 

But when we come to the application 
of this law, and seek to determine with 
its aid the origin of the various species of 
organisms, we are compelled to frame 



2o8 


OUN PROTIST ANCESTORS 


hypotheses that have essentially a deduc¬ 
tive character, and arc inferences from 
the {general law to particular cases. But 
these special deductions are just as much 
jvistilicd and necessitated by the rij^'orous 
laws of k)f4^ic as the inductive conclusions 
on which the whole theory of evolution 
is built. The doctrine of the animal 
ancestry of the human race is a special 
deduction of this kind, and follows w'lth 
l(»f^ical necessity from the general induc¬ 
tive law of evolution. . 

1 must point out at once, however, that 
the ceitainty of these evolutionary hypo¬ 
theses, which rest on clear special de¬ 
ductions, is not always equally stront^. 
Some of these inferences are now beyond 
question ; in the case of others it depends 
on the knowledi^e and the competeiu'e of 
the inquirer what dej^ree of certainty he 
.•ittiibutc's*to them. In .any case, we 
must distinj^uish betwee-n the ahsolulc 
certainty of the general (inductive) theory 
of descent and the relative certainty of 
special (deductive) evolutionary hypo¬ 
theses. VVe can never determine the 
whole ancestral series of an orj^^anism 
with the same confidence with which we 
hold the f^eneral theory of evolution as 
the sc^le scientific c'Kplanation of ori^.anic 
modifications. The spc'cial indication of 
stem-forms in detail will .always be more 
or Ic'ss inc'omplete and hypothetic al. This 
is quite natural. The evidence on which 
we build is imperfect, and always will be 
imperfect ; just as in comparative philo- 

lok7- 

1 he first of our documents, paleon- 
toloj^y, is exceedinpfly incomplete. We 
know that .all the fossils yet disc'overed 
are only an insipj^nificanl fr.action of the 
plants and animals that have lived on our 
planet. For every sinjjle species that has 
been preserved for us in the rocks there 
are probahlyhundreds, perhaps thous.ands, 
of extinct species that have left no trace 
behind them. This extreme and very un¬ 
fortunate incompleteness of the p.alconto- 
loj.fic'al evidence, which cannot be pointed 
out tcHi often, is ejisily explained. It is 
absolutely inevitable in the circumstances 
of the fossilisation of orj.(,anisms. It is 
also due in part to the incompleteness of 
our knovvledqfe in this branch. It must 
be borne in mind that the great majority 
of the stratified rocks that compose the 
crust of the earth have not yet been opened. 
We have only a few specimens of the 
innumerable fossils that are buried in the 
vast mountain rtanges of Asia and Africa. 


Only a part of Europe and North America 
has been investigated carefully. The 
whole of the fossils known to us certainly 
do not amount to a hundredth part of the 
remains that are really buried in the 
crust of the earth. We may, therefore, 
look forward to rich harvest in the 
future as regards this science. However, 
our paleontological evidence will (for 
reasons that 1 have fully explained in 
the sixteenth chapter of the History of 
Creation) always be defective. 

The second chief source of evidence, 
ontogeny, is not less incomplete. It is 
the most important source of all for special 
phylogein’; but ilJias great defects, and 
often faHs us. We must, above all, 
clearly distinguish between palingenetic 
and cenogenetic phenomena. We must 
never forget that the l.-iwsof curtailed and 
disturbed heredity often m.ike the original 
course of development almost unrecog.- 
nis.ible. The recapitulation of phylogeny 
by ontogeny is only fairly ci>mplete in a 
few c.ises, and is never whole coihplete. 
.\s ;i rule, it is precisely the earliest and 
most important embryonic stages that 
suffer most from alteration and condensa¬ 
tion. The earlier embryonic forms have 
had to adapt themselves to new circum¬ 
stances, and so haw been modified. The 
struggle for existence has had just as 
profound an influence on the freel}' moving 
and still immature young forms as on the 
adult forms. Hence in the embryology 
of the higher animals, especially, palin¬ 
genesis is much restricted by cenogenesis; 
it is to-day, as a rule, only a faded and 
much altered picture of the original 
evolution of the animal’s ancestors. We, 
can only draw conclusions from the em¬ 
bryonic forms to the stem-history with 
the greatest caution and discrimination. 
Moreover, the embryonic development 
itself has only been fully studied in a few 
species. 

Finally, the third and most vrduable 
source of evidence, comparative an.atomy, 
is also, unfortunately, very imperfect ; for 
the simple reason th.'it the wliolc of the 
living species of animals are a mere 
fraction of the vast population that has 
dwelt on our planet since the beginning 
of life. We may confidently put tl^e total 
number of these at more than a million 
species. The number of animals whose 
organisation has been studied up to the 
present in comparative anatomy is propor¬ 
tionately very small. Here, again, future 
research will yield incalculable treasures. 
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But, for the present, in view of this 
patent incompleteness of our chief sources 
of evidence, we must naturally be careful 
not to lay too much stress In human 
phyloj^eny on the particular animals we 
have studied, or ncfjfard all the various 
stages of development with equal confi¬ 
dence as stem-forms. 

In my first efforts to construct the 
series of man’s ancestors I drew up a list 
of, at first ten, afterwards twenty to thirty, 
forms that may be regarded more or less 
certainly as animal ancestors of the human 
nice, or as stages that in a sense mark olf 
the chief sections in the long story of 
evolution from the unie*Jlular organism to 
man. Of these twenty to thirty stages, 
ten to twelve belong to the older group 
ofihe Invertebrates and eighteen to twenty 
to the younger division of I lie Vertebrates. 

In approaching, now, the dilVu ull task 
of establishing the evolutionary succes¬ 
sion of these thirty ancestors of humanity 
since the beginning of life, and in vent in- 
ing to lift the veil that eovers tlie earliest 
secrets of the earth’s historj, 
we must undoubtedly look 
for the first living things 
among the wonderful organ¬ 
isms that we call the .Monera ; 
they are the simplest org.in- 
isms known to us- in fact, 
the simplest we can con¬ 
ceive. Their whole body' con¬ 
sists merely of a simple par¬ 
ticle or globule of structure¬ 
less plasm or plasson. The 
discoveries of the last four dec.ades have 
led us to believe with increasing certainly 
that wherever a natural body exhibits the 
vital processes of nutrition, reproduction, 
voluntary movement, and sensation, we 
have the action of a nitrogenous carbon- 
compound of the chemical group of the 
albuminoids ; this plasm (or protoplasm) is 
tlie material basis of all vital functions. 
Whether w'e regarded the function, in the 
monistic sense, as the direct action of the 
material substratum, or whether we take 
matter and force to be distinct things in 
the dualistic sense, it is cei'tain that we 
have not as yet found any living organism 
in which the exercise of the vital func¬ 
tions is not in.scparably hound up with 
plasm: 

The soft slimy plasson of the body of 
the moneron is generally called “ proto¬ 
plasm,” and identified with the cellular 
matter- of the ordinary plant and animal 
cells. But we must, to be accurate, 


distinguish between the plasson of the 
cylodes and the protoplasm of the 
cells. This distinction is of the 
utmost Importance for the purposes of 
evolution. As 1 have often said, we 
must recognise two dilTerent stages of 
development in these “ elementary or¬ 
ganisms,” or plastids (“ builders ”), that 
represent the ultimate units of organic 
individuality. 'l|he earlier and lower stage 
are the unnuclealed cylodes, the body of 
which consists of only one kind of albu¬ 
minous matter -the honuigeneous plasson 
or “formative matter.” The later and 
higher stage are the nucleated cells, in 
vv’hich we llnd a differentiation of the 
original plasson into two dilTerent forma¬ 
tive substances the carvoplasm of the 
nucleus and the cytoplasm of the body of 
the Cell (i f. pp. ^7 and .|j). ^ 

'J'he Monera .ire |iermanenf cylodes. 
Their whole body consists of soft, struc¬ 
tureless plasson. However carefully we 
our finest chemical 
powerfuI microscupes, 


examine it with 
reagents and most 





Fin. 226.—ChrOOCOCCUS minor ( ni.iKnific-d Ii.soo tiinc.s. A 
plivli'n'nni'ron, llii-ivlobul.ir pl.'islijs of wtiii-h stvroti- a Vol.'lliiious Htruc- 
turi'less niL-mhr.'inf. 'I'hi- uiiiuicIoaU'd f'loliuk' of plasm (bluisll-grecn 
ill colour) increases by siiiipli- cle.ivaj'e (a-ii). 

we can find no definite parts or no anatomic 
structure in it. Hence, the Monera are 
literally vu'ganisms without organs; in 
fact, from the philosophic point of view 
they are not organisms at all, since they 
have no organs. They can only be c<'illed 
organisms in the sense that they are 
capable of the vital functions of nutrition, 
reproduction, sensation, and movement. 
If we were to try to imagine tlie simplest 
possible organism, we should frame some¬ 
thing like the moneron. 

The Monera that we find to-day in 
various forms fall into two groups accord¬ 
ing to the nature of their nutrition—'the 
Phytomonera and the Zoomottera ; from the 
physiological point of view, the former 
are the simplest specimens of the plant 
(phyton) kingdom, and the latter of the 
animal (soon) world. The Phylomonera, 
especially in their simplest form, the 
Chromacea (Phycochromacea or Cyano- 
phycea)\ are the most primitive and the 



aio 


OUR PROTIST ANCESTORS 


oldest of living offfanisins. The typical 
genus Chruoco^us (Kig. 226) is represented 
by several fresh-water species, and often 
forms a very delicate bluish-green deposit 
on stones and wood in ponds and ditches. 
It consists of round, light green particles, 
from ;rVn(i to of an inch in diameter. 

The whole life of these homogeneous 
globules of plasm consists of simple 
growth and reproduction by cleavage. 
When the tiny particle has reached a 
certain size by the continuous assimilation 
of inorganic matter, it divides into two 
equal halves, by a ctmstriction in the 
middle. The two daughter-monera that 
arc thus formed immediately begin a 



Fio. X2j. — Aphanocapsa prlraordlalls (NugrJi), 

mapnifiivi i,o«) limes. A phytomoneroii, tlio round pl.-is- 
tidN of which (bluish-ereen in colour) stvretc a shapeless 
gelatinous mass ; in this the unnucle.'itcd cytodes incre.ase 
continually by simple cleavage. 

.similar vital process. It is the same with 1 
the brown Procytellaprimoniialis (formerly 
called the Protococcus marinus) ; it forms 
large masses of floating matter in the 
arctic seas. The liny plasma-globules of 
this species are of a greenish-brown colour, 
and have a diameter of If’ no'fift f’f *1” 
inch. There is no membrane discoverable 
in the simplest Chroococcacea, but we find 
one in other members of the same family ; 
in Aphanocapsa (Fig. 227) the enveloping 
membranes of the social plastids combine ; 
in Glopocapsa they are retained through j 
several generations, so that the little 
plasma-globules are enfolded in many 
layers of membrane. 


Next to the Chromacea come th| Bac¬ 
teria, which have been evolved frorn them 
by the remarkable change in nutrition 
which gives us the simple explanation of 
the differentiation of plant and animal in 
the protist kingdom. The Chromacea 
build up their plasm directly from inor¬ 
ganic matter; the Bacteria feed on organic 
matter. Hence, if w'e logically divide 
the protist kingdom into plasma-forming 
I’rotophyta and plasma-consuming Pro¬ 
tozoa, we must class the Bacteria with 
the latter ; it is quite illogical to describe 
them —as is still often done—as Schtsomy- 
cetes, and class them with the true fungi. 
The Bacteria, like^he Chromacea, have no 
nucleus. .\s is well known, the^ play 
an important part in modern biology 
as the causes of fermcnt.-ition and putre¬ 
faction, and of tuberculosis, typhus, 
cholera, and other infectious di.sea.Scs, 
and as parasites, etc. But we cannot 
linger now to de.'il w'ith these very 
interesting features; the Bacteria have 
no relation to man’s genealogical tree. 

We may now turn to consider the 
rem.'irkable Protanueba, or umiuclefited 
Amteba. 1 have, in the first volume, 
pointed out the great importance of 
the ordinary Amix'ba in connection with 
sexeral weight) questions of general 
biology. The liny Protamrebaj, which 
are found both in fresh and salt water, 
have the same unshapely form and 
irregular movements of their simple 
naked body as the real .Amteba}; but 
they dilfer from them wry materially 
in h.aving no nucleus in their cell-body. 
The short, blunt, finger-like processes 
that are tlirust out at the surface of 
the creeping Protaimvba serve for get¬ 
ting food as well as for locomotion. 
They multiply by simple cleavage (Fig. 
228). 

The next stage to the simple cytode- 
forms of the Monera in the genealogy of 
mankind (and all other animals) is the 
simple cell, or the most rudimentary form 
of the cell which we find living indepen¬ 
dently to-day as the Ammba. The earliest 
process of inorganic differentiation in the 
structureless body of the Monera led to 
its division into two different substances 
—the car3'oplasm and the cytoplasm. The 
caryoplasm is the inner and ^rmer part 
of the cell, the substance of the nucleus. 
The cylopljism is the outer and softer 
part, the substtince of the body of the cell. 
By this important differentiation of the 
plasson into nucleus :uid cell-bodyt the 



OUR PROTIST AXCESrORS 


or^fised cell was evolved from the 
structureless cytode, the nucleated from 
the unnucieated plasfid. That the first 
cells toappear on the earth were formed from 
the Mopera by such a differentiation seems 
to us the only possible view in the present 
condition of science. We have a direct in¬ 
stance of this earliest processor differentia¬ 
tion to-day in the ontogeny of many of the 
lower Protists (such as the Gre^arina'). 

The unicellular form that we have in 
the ovum has already been described as 
the reproduction of a corresponding' uni¬ 
cellular stem-form, and to this we have 
ascribed the organisation of an Amcx'ba 
(cf. Chapter VI.). Tib irregular-shaped 
Arnn;ba,which we find livingindepcndently 
to-day in our fresh :ind .salt water, is the 
least definite and the most primitive of all 
the unicellular Protozoa (Fig. i 5 ). As 
the unripe ova (the pmtova that we 
find in the ovaries of animals) cannot 
be distinguished from the common 
Amrt'ba', we must regard the Amceha 
as the primitiw form that is repro¬ 
duced in the embryonic stage of the 
amoeboid ovum to-d.iy, in accor¬ 
dance with the biogeiietic law. I 
have already pointed out, in proof 
of the striking resemblance of the 
two cells, that the ova of many of 
the sponges were formerly regarded 
as parasitic .\nueba' (Fig. iK). Large 
unicellular organisms like the 
Anuvbic were found creeping about i*’' 
inside the body of the sponge, and 
were thought to be parasites. It was into 
afterwards discovered that they were 
really theovaof the sponge from which 
the embryos were developed. As a mtitler 
of fact, these sponge-ova are so much 
like many of the Amtcbm in size, .shape, 
the character of their nucleus, and move¬ 
ment of the pseudopodia, that it is impos- 
.sible to distinguish them without knowing 
their subsequent development. 

Our phylogenetic interpretation of the 
ovum, and the reduction of it to some 
ancient amoeboid ancestral form, supply 
the answer to the old problem : “Which 
was first, the egg or the chick ? ” We 
can now give a very plain answer to this 
riddle, with which our opponents have 
often tried to drive us into a corner. The 
egg came a long time before the chick. 
We do not mean, of course, that the egg 
existed from the first as a bird’s egg, but 
as an indifferent anueboid cell of the 
simplest' character. The egg lived for 
thousands qf years as an independent 


unicellular organism, the AmcBba. The 
egg, in the modern physiftlogical sense of 
the word, did not make its appearance 
until the descendants of the unicellular 
Protozoon had developed into multicellular 
animals, and these had undergone sexual 
diflFercnti.'ition. Fven then the egg was 
first a gastnea-egg, then a platode-egg, 
then a v'crmalia-egg, ;ind chordonia-egg ; 
later still acrania-egg, then fish-egg, 
amphibia-egg, reptile-egg, and finally 
bird’s egg. The bird’s egg we have ex¬ 
perience of daily is a highly complicated 
historical product, the resul^if countless 
hereditary proces.ses that have taken place 
in the course of millions of years. 

The earliest ancestors of our race were 
simple Protophyta, and from these our 
protozoic ancestors were developed .after¬ 
wards. From the morphologifjal point of 
view both the vegetal and me animal 


Protists 


simple organisms. 


\ .■ 


Fu;. aaS.— A monePOn (Protamceba) in the .-ict of repro¬ 
duction. A Tile whole ijioneron. movinff like ;in ordinary 
ainivba by thnislinf' out ch;in(fi‘ablc processes. H It divides 
into two b.alves by a constriction in the middle. ('The two 
li.'dvcs .sepiiratc, .and each becomes .in independent individu:il. 
(Highly m<affnificJ ) 

;ter vidualitlos of the first order, or plastids. 
ich All our later ancestors arc complex organ- 
pc, isms, or individualities of a higher order 
ve- -social aggregations of a plurality of 
los- cells. The earliest of these, the Mormada, 
ing wliich represent the third stage in our 
genealogy, are very simple associations of 
the liomogcneous, indifferent cells — undif- 
me ferenliated colonies of social Amceba; or 
ply Infusoria. To understand the nature and 
ich origin of these protozoa-colonies we need 
We only follow step by step the first embryonic 
his products of the stem-cell. In all the 
avc Metazoa the first embryonic process is 
riie the repeated cleavage of the stem-cell, or 
ck. first segmentation-cell (Fig. 229). We 
!gg have already fully considered this process, 
but and found that all the different forms of 
the it may be reduced to one type, the original 
for equal or primordial segmentation (cf. 
ent Chapter VIII.). In the genealogical tree 
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of ihe Vertebrates this palinf^enetic form 
of scg’menlation has been preserved in the 
AinphioxuT alone, all I lie other Vertebrates 
havinjr eeno^enelieally modified forms of 
cleavaf^e. Jn any ease, the latter were 
developed from the former, and so the 
se'finentation of the ovum in the Amphi- 
oxus has a j^^real inleresi for us (ef. Fij^. 
3S). The oLileome of this repeated 
detivaj^e is the formation of a round 


small communities of Amoebae arose by 
the side of these eremitical Protozoa, the 
sistcr-cells produced bv cleavage remain¬ 
ing ioined together. iThc advantages'in 
the struggle for life which these commu¬ 
nities had over the isolated cells favoured 
their formation and their further develop¬ 
ment. We find plenty ofthesecell-colonies 
or communities to-day in both fresli, and 
salt water. They belong to various groups 




I'h: i*, -Orisflnal or primordial ovum-cleavage. Tin-sti-r -a ll or rvtul.i. formt-.l bv roeundation of 

till* t>viiiTi, diviilos bv rcpi'.'tlfJ ice’ll!.ir vlvavaj^v fiist inLi>two^.tA rhi.' lour ^ 77 / then cij^lit f C 77 , «ind Riitilly a 
1.11^1' luimbvr of svKiiUMitalion-iclls ( l>) 


*. luster i>rcells, composed of honrogeiieous, 
indilTerenI cells of ihe simplest character 
(l*'ig. 2^0). This is called the montla 
( ■ mulherry-embi yo) on account of its 
resemhl.ince to a mulberry or blat kberry. 

It is clear th.il this morula reproduces 
for Us to-da}' ihe simple stiucture of Ihe 
multicellular animal that succeeded the 
unicellular aiuiehoid loim in Ihe early 
l.aurenlian pi'iiod. In acmrdance with 
the biogenet it. l.iw, the morula rei alls the 
ancestral form ol the or simple 

colon)' of I’rotozoa. The first cell-corn- 


j 


Fra .!V'- -Morula, or mulberry-shaped embryo. 

inunities to be formed, which laid the 
early foundalion of the higher multicellular 
body, must have consisted of homogenetius 
and simple anneboid cells. 'Phe oldest 
Ama-baj lived isolated lives, and even the 
ameeboid cells that were formed by the 
segmentation of these unicellular organ¬ 
isms must have continued to live inde¬ 
pendently for a long time. But gradually 


both of the Protophyta and Protozoa. 

To have some ideti of those ancestors 
of our iMce that succeeded pli) logenelically 
to the Mora:.ida, we ha\e only to follow 
the further embryonic development of the 
morula. We then sec that the social cells 
i>f the round cluster secrete a sort of jelly 
or .1 watery lluid inside their globular 
body, and they tliemselves ri.se to (he 
surlace of it (big. 21) /', (r). In this 
way the solid muIberiy-emhr\o becomes 
a hollow sphere, lliewall of which is com¬ 
posed of a single laver of cells. We call 
this la\er the hlastoderui, and the sphere 
itself Ihe hlastuJa, orembr\onic \esicle. 

This interesting blast ula is very impor¬ 
tant. The com ersion of the morula into 
a hollow ball proceeds on the same lines 
originall)' in the most diverse stems—as, 
for inst.mce, in many of the zoophytes 
and worms, the ascidia, m.iny of the 
echinoderms and molluscs, and in the 
j amphioxus. Moreo\er, in the animals 
in wliich we do not find a real paliiige- 
nelic blast ula the defect is clearly due to 
cenogeiietic causes, such as the formation 
of food-yelk and other cmbr)onic adapta¬ 
tions. We may, therefore, conclude that 
the ontogenetic blastulaisthe reproduction 
of a very early phylogenetic' ancestral 
form, and that all the Metazoa are 
descended from a common stem-form, 
which was in the main constructed like 
the blastula. In many of the low’er 
animals the blastula is not developed 
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within the fetal membranes, but in the 
open water. In those cases e.Tch blasto¬ 
dermic cell begins at an early stage to 
thrust out one or more mobile h.iir-like 
processes ; the body swims about by the 
vibratory movement of these lashes or 
whips (b'ig. 2q F). 

We still find, both in the sea and in 
fresh water, various kinds of primitive 
multicellular organisms that substantially 
resemble the blastula in structure, and 
may be regarded in a sense as permanent 
blastula-forms hollow vesicles or gelati¬ 
nous balls, with a wall composed of a 
single layer of ciliated homogeneous 
cells. There are “blasta'ads” of this 
kind even among the Protophyta the 
familiar Volvocina, formerly classed with 
the infusoria. The common i’uh’ox 
trlohafor is found in the ponds in the 
spring—a small, green, gelatinous globule, 
swimming about b\' mians of the stroke 
of its lashes, which rise in pairs from the 
cells on its surface. In the simil.ir// uAm- 
phcprq viruiis also, uhiih we find iti the 
marine plancton (llo.iting mattii), a 
number of gn'en lells forma simple l.ijer 
at the surface tif the gelatinous ball ; but 
in this case there are no cilia. 

.Some of the infusoria of the llagellata- 
class Mat^osphiern, etc.) are 

similar in structure to these vegetal 
clusters, but differ in their animal nutri¬ 
tion ; they form the special group of the 
Caiallacta. In .September, 1809, 1 studied 
the development of one of these graceful 
animals on the island of (lis-Oe, off the 
coast of Norway {iMaji^os'pJwra pJniiula, 
Figs. 231 and 232). The fullj'-formed 
body is a gelatinous ball, with its wall 
composed of thirty-two losi\ty-four ciliated 
cells ; it swims about freely in the sea. 
After reaching maturity the community 
is dissolved. Fach cell then lives inde¬ 
pendently for .some time, grows, and 
changes into a creeping arncvba. This 
afterwards contracts, and clothes itself 
.with a structureless membrane. The cell 
then looks just like an ordinary animal 
ovum. When it has been in this con¬ 
dition for .some lime the cell divides into 
two, four, eight, sixteen, thirty-two, and 
sixty-four cells. These arrange themselves 
in a round vesicle, thrust out vibratory 
lashes, burst the capsule, and swim about 
in the .same magospha-ra-form with which 
we started. This completes the life-circle 
of the remarkable and instructive animal. 

If we compare these permanent blastulai 
with the free-swimming ciliated larv’aj or 


blastul.'c, with similar construction, of 
many of the lower animals, we can confi¬ 
dently deduce from them that there was 
a very early and long-extinct common 
stem-torm ot substanti.'illy the same struc¬ 
ture as the blastula. We may call it the 
Iilnsf<ra. Its body consisted, when fully 
formed, of a simple hollow bjdl, tilled with 
fluid or structureless jelly, with a wall 
composed of a single stratum of ciliated 
celts. There were probalily many genera 
and species of these blasta'ads in the 
Laurcnlian period, forming a special 
class of marine protists. 

It is an interesting fact that in the 
plant kingdom also the simple hollow 
sphere is found to be ;in elementary form 
of the multicellular organism. At the 
surface and below the surface (down to a 
depth of 2,otx) yards) of the sea there are 
green globules swimming about, with 
a w.tll composed of a sint^le layer of 
chloropln 11-bearing cells. ’I'he botanist 
.Schmit/ gave llu'in the name of 
sphura viriiiis in iSyc). 

'File next stage to the filnsttra, and the 
sixth in our gi-nealogii al tree, is the 
(ia\inva that is developed fr(»m it. As 
we have already seen, this ancestral form 
is particul.'irly import.ant. That it once 
existed is proved with certainty by the 
which we find temporarily in 
the ontogenesis of .all the Met.azoa (Fig. 
29 /, K). As w'e saw, the original, 
paiingenetic form of the gastrula is a 
round or oval uni-axial body, the. simple 
t.ivity of whit h (the primitive gut) has an 
.aperture.it one pole of its axis (the primi¬ 
tive mouth). The wall of the gut consists 
of two strata of cells, and these are the 
prim.ary germin.al layers, the animal skin- 
l.ayer (ectoderm) .and vegetal gut-layer 
(entoderm). 

The actual ontogenetic development of 
the g.astrul.a from the bl.astula furnishes 
sound evidence as to the phylogenetic 
origin of the (iastnra from the Blasiwa. 
k pit-shaped depression appears at one 
side of the spherical blastula (Fig. 29 //). 
In the end this invagination goes so far 
th.at the outer or invaginated part of 
the bl.astodcrm lies close on the inner 
or non-inv.aginated part (Fig. 29 J). 
In explaining the phylogenetic origin 
of the gastra-.'i in the light of this onto¬ 
genetic process, w'C may assume th.at the 
one-layered cell-community of the blastcta 
began to take in food more largely at one 
particular part of its surface. Natural 
selection would gradually lead to the 
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formation of a depression or pit at this 
alimentary spot on the surface of the ball. 
The dcpressiott would j^row deeper and 
deeper. In time the vef^etal function of 
taking in and dig^c.stinff food would be con¬ 
fined to the cells that lined this hole ; the 



pKi. 2{i. -The Norwegian Magosphaera pla- 
nula, swiniinnui: .'JhuiI 1)J iiii'.'ins i>l iIk- hislios or nli.t 
fU its surl.KV. 

Other colls would see to the animal fimc- 
titms of locomotion, sensation, and pro¬ 
tection. This was the first division of 
labour amon}4^ the orijj^inally liomoj^eneoiis 
cells of the blasla'a. 

The elfect, then, of this earliest histo- 
lof^'ical dilferentiation was to produce two 
dilTerent kinds of cells- nutritive cells in 
the depression and locomotive cells on the 
surface outside. Hut this involved the 
.sever.'ince of the two primary t^ermiiial 
layers -a most important process. When 
we remember that even man’s body, with 
all its various parts, and the body of all 
the other hij^her animals, are built up 
originally out of these two simple layers, 
we cannot lay loo much stress on the 
phylogenetic significance of this gastrula- 
tion. In the simple primitive gut or 
gastric cavity of the gastrula and its 
rudimentary mouth we have the first real 
organ of the animal frame in the morpho¬ 
logical sense ; all the other organs were 
developed afterw'ards from these. In 
reality, tlie whole body.of the g.astrula is 
merely a “ primitive gut.” I have shown 
(ilready (Chapters Vlll. and IX.) that the 
two-layered embryos of all the Metiizoa 
can be reduced to this typical gastrula. 
This important fact justifies us in con¬ 
cluding, in accordance with the biogenetic 


law, that their ancestors also were phylo- 
genelically developed from a similar stem- 
form. This ancient stem-form is/ the 
gastnea. 

'I'hc gastriea probably lived in the sea 
during the Laurentian period, swimming 
about in the water by means of its ciliary 
coal much as tree ciliated gastrula? do 
to-day. Probably it differed from the 
existing gastrula onl}' in one essential 
point, though extinct millions of years 
ago. We have reason, from comparative 
anatomy and ontogeny, to believe that it 
multiplied by sexual generation, 'not 
merely asexually (by cleavage, gemhia- 
tion, and spores), as w'as no doubt the 
case with the earlier ancestors. SonKJ^ of 
the cells of the primary germ-layers prol?- 
ably becjune ova and others fertilising 
sperm. We base these hypotheses on the 
fact that we do to-day find the simplest 
lorm of sexual repi oduction in some of the 
living g.istraads and other lower animals, 
especial!) the spt>nges. 

The fact that theie are still in exii^encc 
various kinds of gastixeads, or low'er 
Mela/oa with an organisatii>n little higher 
than that of the hypothetical gastra-a, is a 
strong point in favour of our theory. 
There are not very inanv’ species of these 
living gastraxids; but their morphological 
and phylogenetic interest is so great, and 



Fig. 232.— Section of same, showing.how the pear- 
shaped cells in the centre ot tlie gelatinous ball are 
connected by a fibrous process. Each cell has a con¬ 
tractile vacuole as well as a nucleus. 


their intermediate position between the 
Protozoa and Metazoa so instructive, that 
1 proposed long ago (187b) to make a 
special class of them. 1 distinguished 
three orders in this class—thcGastremazia, 
Physemaria, and Cyemaria (or Dicye- 
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mida). But wennight also ref»-ard these 
three orders as so niauy independent 
classes in a primitive g;astra'.ad stem. 

The Gastremaria and Cyemuria, the 
chief of these living gastra'ads, are small 
Metazoa that live parasitically inside 
other Metazoa, and are, as a rult;, U) 

of an inch long, often much less (Fig. 
233, 1-15). Their soft body, devoid of 
skeleton, consists of two simple strata of 
cells, the primary germinal layers ; the 
outer of these is thickly clothed with long 
hair-like lashes, by which the parasites 
swim about in the various cavities of their 
host. The inner germinal layer furnishes 
the sexual products. The pure type t)f 
the original gastrula (or nrchiffastrula. 
Fig. 29 /) is .seen in the Pcmmatodiscus 
frastnilaci'Hs, which Monticelli discovered 
in the umbrella of a large medusa ( Pilema 
ptihno) in 1895 ; the convex surface of this 
gelatinous umbrella was covered with 
numbers of clear vesicles, of to i inch 
in diameter, in the fluid contents of which 
the Iktle parasites w'crc swimming. The 
cup-siiaped body of the Pemmatodiseux 
(Fig. 233, i) is sometimes rather flat, and 
shaped like a hat or cone, .at other times 
almost curved into .a semi-circle. The 
simple hollow of the cup, the primitive 
gut (^ narrow opening (o). The 
skin Layer (e) consists of long slender 
cylindric.al cells, which be.ar long vibratory 
hairs ; it is separated by a thin structure¬ 
less, gelatinous plate (f) from the visceral 
or gut Layer (ij, llie prismatic cells of 
which are much smaller and have no cilia. 
Pemmaiodixciis propag.ates asexually, by 
simple longitudin.al cleavage ; on this 
account it h.as recently been regarded as 
the representative of .a special order of 
gastraaids (Mi'sof^nstn'a). 

Probably a near relative of the Pcmma¬ 
todiscus is the Kiimtlcria Gmvcli (l"ig. 
233, 2). It lives in the body-cavity of Ver- 
nialia (Sipunculid.a), and differs from the 
former in having no lashes either on the 
large ectodermic cells (c) or the small 
entodermic (i) ; the germinal layers are 
separated by a thick, cup-sh.aped, gel.ati- 
nous mass, which has been called the 
“ clear vesicle "(f). The primitive mouth 
is surrounded by a dark ring that bears 
very .strong and long vibnatory lashes, 
and effects the swimming movements. 

Pcmmatodiscus and Kunstleria may be 
included in the family of the Gastremaria. 
To these gastraeads with often gut are 
closely related the Orthonectida {Rhofa- 
pura^ Fig, 233,3-5). They live parasitically 


in thebody-cavityof echiniHlcrms (Ophiura) 
and vcumalia; they are distinguished by 
the fact that their primitive gut-cavhy is 
not empty, but lilled with entodermic 
cells, from which the sexual cells are 
developed. These gastneads are of both 
sexes, the m.ale(l'ig. 3) being .smaller and 
of a somewhat different shape fri>m the 
oval female (Fig. 4). 

The somewhat similar Dicyemida (Fig. 
6) are distinguished from the preceding 
by the fact th.at their primitive gut-cavity 
is occupied by a single large entt)dermlc 
cell instead of a Crow'ded group of sexual 
cells. This cell does not yield sexual 
products, but afterwards divides into a 
number of cells (spores), each of wfliich, 
without being impregnated, grows into a 
small embryo. The Diejemida live para- 
.siticfilly in the body-cavity, e.speciall^- the 
renal cavities, of the cuttle-fishes. They 
fall in sevcr.'il genera, some of w'hich are 
ch.aracterised by the possession of special 
polar cells ; the body is sometimes 
roundish, oval, or club-shaped, at other 
times long and cylindrical. The genus 
Conocyema (Figs. 7-15) differs from the 
ordinary Dicycitia in having four poL'ir 
pimples in the form of a cross, which 
may be incipient tentacles. 

The classification t)f the Cyemari.'i is 
tuuch disputed ; sobtetimes they are held 
to be parasitic infusoria (like the Opalina), 
sometimes platcides or vermaliii, related 
to the suctorial worms or rotifers, but 
having degenerated through piirasitism. 

1 .adhere to the phylogenetically impor¬ 
tant theory that 1 advanced in 187b, that 
we have here real gastra;ads, primitive 
survivors of the ctmimon stem-group of 
all the Metazoa. In the struggle for life 
they have found shelter in the body-cavity 
of other animals. 

The small Cielenleria .attached to the 
floor of the .sea th.'% I h.ave called the 
Physemaria (Ilaliphyscma and Castro- 
physema) probably form a third order (or 
class) of the living gastra'ads. The 
genus Ilaliphyscma (Figs. 234, 235) i.s 
externally very slmil.ar to a large rhizopod 
(described by the same name in 1862) of 
the family of the Rhahdamminida, which 
was at first taken for a sponge. In order 
to avoid confusion with these, I afterw.ards 
gave them the name of Prophysema. The 
whole mature body of the Prophysema is 
a simple cylindrical or oval tube, with a* 
two-layered wall. The hollow of Ihe 
tube is the gastric cavity, and the upper 
opening of it the mouth (Fig. 235 m). 
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The two strata of cells that 
form the wall of the tube are 
the primary jferniinal layers. 
These rudimentary zoophytes 
differ from the swiiTMiiing gas- 
tneads chiefly in being attached 
at one end (the end opposite to 
the moufli) to the floor of the 
sea. 

In Prophyscma the primitive 
gut is a simple oval cavity, 
but' in the closely related 
Gastrophysema it is divided 
into two chambers by a trans¬ 
verse constriction ; the hind 
and smaller chamber above 
furnishes the sexual products, 
the anterior one being for diges¬ 
tion. 

The simplest sponges (Olyn- 
thiis. Fig. 23S) have the same 
organisation as the Physemaria. 
The only material diflereiice 
between them is that in the 
sponge the thin two-layered 
body-wall is pierced by numbers 
of pores. When these are closed 
they resemble the Physemaria. 
Possibly the gastraxids that we 
call Physemaria are only olynthi 
with the pores closed. The 
Ammoconida, or the simple 
tubular sand-sponges of the 
deep-sea {Ammulynlhus, etc.), 
do not differ from the gastneads 
in any important point when 
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Fk.. 234. 

Fuis. 234:111a .s55.—Prophysettia pplmordlale, a llvlnjr Ifas- 
trSBad. FiU- ■*34- I'l'i' wimli' i>t tiu' spiiulli-sli.ipc-a .inmi.il (.ill.ulK'd 
below lo the floor of the se.i). Fif' 234. The .s.iiiie in loni4iliiaiii:il 
section. The primitive j;iit opens .iho"e .-it the pninitive inoiith 
(m). Hetween the cili.itcd sells .ire the .•imiehoiil ov.i ('e^. 'I'lic 
skin-la\er (fi J is encrusted with fjr.iins of s.ind helow .iiul sponi'i 
spicules above. 

_ the pores are closed. In my AJo?i(}- 

y^rnph on the Spont^es (with sixty 
plates) 1 endea\oured to prove 
analytical!)’ that all the species of 
this class can be tinted phylo- 
genetically to a common stem-form 
( Calcoivnilius). 

The lowest form of the Cnidaria is 
also not far removed fiom the gas- 
tra'ads. In the interesting common 
fresh-vvaler polyp ( Hydra ) the whole 
body is simply an oval lube with a 
double wall ; only in this case (he 
mouth h.is a crown of tentacles. 
IJefore the.se develop the hydra re- 
•semhles an ascula (Figs. 256, 2^^7). 
Afterward.s there are slight histo¬ 
logical difl'erentiations in its cettv 
derm, though the entoderm remains 
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Fig. 337. 


Fic.s. 23ij-237. - Ascula of gastrophysema, 

attached tu the Uoprot tlic sea. Fig. 236 external 
view, 237 longitudinal siUion. primitive gut, 
o primitive mouth, c visceral layer, e cutaneous 
layer, (Diagram.) 
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*! 4 stKitum of ccJIs. We .find the 

'»first '^ifier§;tttlatian of epithelial and 



Fiu a,i8.— OlynthUS, a vury rudimuiit.iry s 
A piece cut away in trunt. 


! stin^fhi^f cells, or of ^ muscular ami 
neural cells, in the thick ectoderm of the 
hydra. 

In all these rudimentary livin^f ctelen- 
teria the sexual cells of both kinds—ova ‘ 
and sperm celK—are formed by the same 
individual; it is possible that the oldest 
Sastneads were hermaphroditic. It is 
clear from comparative anatomy that 
hermaphrodism -the combination of both 
kinds of sexual cells in one individual—is 
the earliest form of sexual differentiatton ; 
the separation of the sexes (gonocltorism) 
was a much later phenomenon. 't'Jle 
sexual cells originally proceeded fnom 
the edge of the primitive mouth of the 
gastra;ad. ' 


CHAPTKR XX. 
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Tiik gastraia theory' has now convinced 
us that all the Metawa or multicellular 
aniinals can be traced to a common stem- 
form, the tjastnea. In accordance with 
the biogenetic law, we find solid proof of 
this in tlie fact that the two-layered 
embryos of all the Metazoa can be reduced 
to a primitive common type, tiie gastrula. 
J ust as the countless species of the Metazoa 
do actually develop in the individual from 
the simple embryonic form of the gastrula, 
so they have all descended in past time 
from the common stem-form of the 
Gastr.'ca. In this fact, and the fact we 
h.'ive already established that the Gastriea 
has been evolved from the hollow vesicle 
of the one-layered Hlasta'a, and this again 
from the original unicellular stem-form^ 
we have obtained a solid basis for our 
^fitudy of evolution. The clear path from 
the stem-cell to the gastrula represents 
the first section of our human stem-history 
(Chapters VI11., IX., and XIX.). 

The second section, that leads from the 
Gastraxi to the I'rochordonia, is much 
more difficult and obscure. By the 
Prochordonia we mean the ancient and 
long-extinct animals which the important 


embryonic fonn of the chordula proves 
to have once existed (cf. I'igs. tS^-Sb). 
The nearest of living animals to this 
embryonic structure are the lowest Tuni- 
cates, the Copolata ( Appcniiican'a) and 
the larva; of the Asciuia. As both the 
Tunicates and the Vertebrates develop 
from the same chordula, we may' infer 
that there was a corresponding common 
ancestor of both stems. We may call 
this the Chonia-a, and the corresponding 
stem-group the Prochordonia or Pwchor- 
data. 

From this important stem-group of the 
unarticulated Prochordonia (or “ primitive, 
chorda-animals") the stems of the Tuni¬ 
cates and Vertebrates have been diver¬ 
gently evolved. We shall see* presently 
how this conclusion is justified in the 
present condition of morphological science. 

AVe have first to answer the difficult 
and much-discussed question of the 
dcv'elopment of the' Chorda:a from the 
Gastra:;a ; in other words, “ How and by 
what transformatiotis were the character¬ 
istic animals, resembling the embryonic 
chordula, which we tegard as the common 
stem-forms of all the Chordonia, both 
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Tunicates and Vertebrates, evolved from 
the simplest two-layered Metazoa ? ” 

The descent of the Vertebrates from the 
Articulates has been maintained by a 
Clumber of zoologists during the last thirty 
years with more zeal than discernment ; 
and, as a vast amount has been written 
on the subject, we must deal with it to 
some extent. All three classes of Articu¬ 
lates in succession have been awarded the 
honour of being considered the “ real 
ancestors ” of the Vertebrates : first, the 
Annelids (earth-worms, leeches, and the 
like), then the Crustacea (crabs, etc.), and, 
finally, the Tracheata (spiders, insects, 
etc.). The most popular of these hypo¬ 
theses was the antielid theory, which 
derived the Vertebrates from the VV^>rms. 
It was almost simultaneously (1S75) 
formulated b> Carl Semper, of Wiirtzhtirg, 
-and Anton l)ohrn, of Naples. The latter 
advanced this theory originally in favour 
of the failing degeneration theory, with 
which,.! dealt in my work, jI/ius nmi 
Methods of Modern Km hrvoloii v. 

This interesting degeneration theory - 
much discussed at, that time, but almost 
forgotten now—was formed in 1S75 with 
the aim of harmonising the results of 
evolution and ever-advancing Darwinism 
with religious belief. The spirited struggle 
that Darwin had occasioned by the re¬ 
formation of the theory of descent in 
1859, and that lasted for a decade with 
varying fortunes in ev'ery branch of 
biology, was diviwing to a close in 1870- 
1872, and soon ended in tlie complete 
victory of transformism. To most of 
the disputants the chief point was not the 
general question of evolution, but tlie 
particular one of “ man’s place in nature ” 
—“the question of questions,” as Huxley 
rightly called it. It was soon evident 
to every clear-headed thinker that this 
question could only be answered in the 
sense of our anthropogeny, by admitting 
that man had descended from a long 
series of Vertebrates by gradual modifica¬ 
tion and improvement. 

In this way the real affinity of man and 
the Vertebrates came to be admitted on 
all hands. Comparative anatomy and 
ontogeny spoke too clearly for their 
testimony to be ignored any longer. But 
in order still to save man’s unique position, 
and especially the dogma of personal 
immortality, a number of natural philo¬ 
sophers and theologians discovered an 
admirable way of escape in the “ theory 
of degeneration.” Granting the affinity, 


they turned the whole evolutionary theor^ g 
upside down, and boldly cpntcndied tlmt , 
“man is not the most liighi^ i|eveloped " 
animal, but the animals are degenerate 
men.” It is true that man is closfely * 
related to the ape,,, and belongs to the 
vertebrate stem; but the chain of his ' 
ancestry gdes upward instead of dowtv' 
ward. In tlie beginning “God created 
man in his own image," as tlic prototype 
of the perfect vc'rtc.brale ; but, in conse¬ 
quence of original sin, the human race 
sank so low that the apes branched off from 
it, and afterwards the lower Vertebrates, 
When this theory of degeneration was 
consistently developed, its supporters 
were bound to hold that the entire 
animal Icingdom was descended from the 
debased children of men. 

This theory was most strenuously 
defended by the Catholic priest anil 
natural philosopher, Michelis, in his 
IJo'eheloi’vny : .1;/ Aeadenne /‘rotesf 

ajifa/nst Hu'cheVs Anthropotjenv (1875). 

In still more “ academic ” and somewhat 
mystic form the theory was advanced hy 
a natural pliilosoplier of the older Jena 
school- -the mathematician and physicist, 
Carl Snell. But it received its chief 
support on the zoological side from Anton 
Dohrn, who maintained the anthropo¬ 
centric Ideas of .Snell with particular 
ability. The Amphioxus, w'hicli modern 
science now' almost unanimously regards 
.as the real IVimitivc Vertebrate, the 
ancient model of the original vertebrate 
structure, is, according to Dohrn, a late, 
degenerate descendant of the stem, the 
“ prodigal .son ” of the vertebrate family. 

It has descended from the Cyclostoma by a 
profound degeneration, and those in turn 
from the fishes ; even the Ascidia and 
the whole of the Tunicates are merely 
degenerate fishes 1 Following out this 
curious theory, Dohrn came to contest 
the general belief that the Ccelenterata 
and Worms are “lower animals”; he even 
declared that the unicellular Protozoa 
Were degenerate Ccelenterata. In his 
cminion “ degeneration is the great prin¬ 
ciple that explains the existence of all the 
lower forms,” 

If this Michelis-Dohrn theory were true,' 
and all animals were really degenerate 
descendants of an originally perfect 
humanity, man would assuredly be the 
true centre and goal of all terrestrial 
life ; his anthropocentric position and his 
immortality would be «aved. _ Unfor¬ 
tunately, this trustful theory is in such 
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flagrant contradiction to all the know'n 
facts of paleonloltJgy and embryology 
that it is no longer worth serious scien¬ 
tific consideration. 

But the case is no better for the much- 
discussed descent of tile Vertebrates from 
the Annelids, wliich Dohrn afterwards 
maintained witii great zeal. Of late 
years this hypothesis, which raised so 
much dust and controversy, has been 
entirely abandoned by most competent 
zoologists, even those who once sup¬ 
ported it. Its chief supporter, Dohrn, 
admitted in iSqo that it is “dead and 
buried,” and made a blushing retracta¬ 
tion at the end of his Studies of the Early 
History of the Vertebratc. 

Now that the annelid-hypothesis is 
“dead and buried,” and other attempts to 
derive the Vertebrates from Medus.e, 
ICchinoderms, or Molluscs, have been 
ecjiially unsuccessful, there is onij' one 
hypothesis left to answer the iiueslii>n of 
till- oi'igin of the Vei’lebrales - the hypo¬ 
thesis ih.'it 1 advanced thirty-six years 
a^o and c.ilK'd the “ cliordonia-hypo- 
thesis.” In \iew of its soutjd eslablish- 
nient .ind its profound signiticanci', it may 
very well claim to be a theory, and so 
should be described as the chordonia or 
cht>rd.'e:i theory. 

1 first :]idvanccd tliis theory in a series 
of university lectures in 18(17, hnni which 
the History of Creation was composed. 
In the first edition of this work (i8()8) 1 
endeavoured to prove, on the strength of 
Kowalevsky’s eptxh-maUing discoveries, 
that “of all the animals known to us (he 
Tunicales are undoubtedly the nearest 
blood-relatives of the Vertebrates ; they 
are the most closely related to the 
Vermalia, from which the Vertebrates 
have been evolved. Naturally, I do not 
mean that the Vertebrates hav e descended 
from the Tunicates, but that the two 
groups have sprung from a common 
root. It is clear that the real Vertebrates 
(primarily the Acr.inia) were evolved in 
very early times from a group of Worms, 
from which the degenerate Tunicales also 
descended in another and retrogressive 
direction.” This common extinct stem- 
group arc the Prochordonia; we still have 
a silhouette of them in the chordula- 
embryo of the Vertebrates and Tunicates; 
and they still exist independently, in very 
modified form, in the class of the Copelata 
(Appendicaria, Fig. 225). 

The chorda'a-thcory received the most 
valuable and competent .support from 


Carl Gegenbaur. Thi.s able comparative 
morphologist defended it in 1870, in the 
second eclition of his Elements of Com¬ 
parative Anatomy: at the same time he 
drew attention to the important relations 
of the Tunicates to a curious worm, 
Balanoglossus: he rightly regards this as 
the representative of a special class of 
worms, which he called “gut-breathers” 
(Enteropneusta). Gegenbaur referred 
on many other occasions to the close 
blood-relationship of the Tunicates < and 
Vertebrates, and luminously explained 
the reasons that justify us in framing the 
hypothesis of the descent of the two stems 
from a common ancestor, an unsegmented 
worm-like animal with an axial chorda 
between the dorsal nerve-tube and the 
ventral gut-tube. 

The tlieory afterwards received a good 
deal of support from the research made 
by a number of distinguished zoologists 
and anatomists, especially C. Kuptfer, 
H. Ilatschek, b'. Balfour, 1 ^. Van Benedcn, 
and julin. Since Ilatschek’s Studies of 
the Devetopment of the Amphtoxus gave 
Us full inrormation as to the embryology 
of this lowest vertebrate, it has become 
so important for our purpose that we 
must consider it a document of (he first 
rank for answering the question we arc 
dealing with. 

The ontogenetic facts that we gather 
from this sole survivor of the Acrania 
are the more valuable for phylogenetic 
purposes, as paleontology, unfortunately, 
throws no light whatever On the origin 
of the Wrtebrates. Their invertebrate 
ancestors were soft organisms without 
skeleton, and thus incapable of fossilisa- 
tion, as is still the case with the lowest 
\'ertebrates - the .Acrania and Cyclostoma. 
The same applies to the greater part of 
the Vermalia or worm-like animals, the 
various classes and orders of which differ 
so much in structure. The isolated 
groups of this rich stem are living 
branches of a huge tree, the greater part 
of which has long been dead, and we 
have no fossil evidence as to its earlier 
form. Nevertheless, some of the sur¬ 
viving groups are very instructive, and 
give us clear indications of the way 
in which the Chordonia were developed 
from the Vermalia, and these from the 
Coelenterla. 

While we seek the most important of 
these palingenetic forms among the 
groups of Coelenteria and Vermalia, it is 
understood that not a single one of them 
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must be reg'arded as an unchang-ed, or 
even little clianged, copy of the extinct 
stem-form. One jjroup has retained one 
feature, another a different feature, of the 
original organisation, and other organs 
have been further developed and charac¬ 
teristically modified. Hence here, more 
than in any other part of our genealogical 
tree, we have to keep before our mind 
the /u// picture of development, and 
separate the unessential secondary pheno¬ 
mena from the essential and primary. 
It will be useful first to point out the 
chief advances in orgfinis.'ition bj' which 
the simple Gastra*a gradually became the 
more developed Chorda'.'i. 

We find our first solid d.Ttiim in the 
gastrula of the Amphio'ais (Fig. 38). 
Its hilatend and tri-axial type indie.lies 
that the G.istra'ads—the common ances¬ 
tors of -nb the Meta/oa divided :il an 
early stage into two divergent groups. 
The uni-axial Gastraxi bec.une sessile, 
and gave rise to two stems, the .Sponges 
and the Cnidaria (the latter all reducible 
to simple polyps like the hydra). Hut the 
tri axial thistraxi assumed a cert.ain pos' 
or direction of the body on account of i.-> 
swimming or creeping movement, .and 
in order to sustain this it was a great 
advantage to share the burden equally 
between the two halves of the body (right 
and left). Thus arose the typical bilateral 
form, which has three axes. The same 
bilateral type is found in all our artifici.al 
means of locomotion—carts, ships, etc.; 
it is by’ far*the best for the movement of 
the body in a certain direction and steady 
position. Hence natural selection early 
developed this bil.ateral type in a section 
of the Gastrieads, .and thus produced the 
stem-forms of all the bil.ateral animals. 

The Gastrcpa hilatcralis, of which we 
may conceive the bilateral g.astrula of the 
amphioxus to be a palingenetic reproduc¬ 
tion, represented the two-sided organism 
of the earliest Metazo.a in its simplest 
form. The vegetal entoderm that lined 
their simple gut-cavity served for nutri¬ 
tion ; the ciliated ectoderm that formed 
the external skin attended to locomotion 
and sensation ; fin.'illy, the two primitive 
mesodermic cells, that lay to the right 
and'left at the ventral border of the primi¬ 
tive mouth, were sexual cells, and efiected 
reproduction. In order to understand the 
further development of the gastnea, we 
must pay particular attention to : (i) the 
careful study of the embryonic stages of 
the amphioxus that lie between the 


g.astrula and the chordula; (2) the mor¬ 
phological study of the simplest Pl.atodcs 
(Platodaria and Turhellaria ) and several 
groups of unarticulated Vermalia ( Gtis- 
trotricha, Nemcftina, Enterapneusta). 

We hav’c to consider the I’l.'itodes first, 
bec.'iuse they are on the border between 
the two principal groups of the Metazoa, 
the Cielenteria and the Cu'lomaria. With 
the former they share the lack of body- 
cavity’, .’inus, and vascul.’ir system ; with 
the latter they have in common the 
bilateral type, the possession of a pair of 
nephridi.'i or renal c.-m.'ils, .'ind the forma¬ 
tion of a vertical brain or cerebral 
g.anglion. If is now usual to distinguish 
four cl.'isses of I’latodes : the two free- 
living classes of the primitive worm.s 
(Platodaria) ;md the coiled - w’orms 
(Turhellaria ), ;md the two parasitic 
cl.'isses of the suctori.'il worms ( Trema- 
toda ) and the tape-worms ( Cesfoda). 
We have only to consider the first .two of 
these cl.'isses ; the other two are parasites, 
.'ind have descended from the former by 
adaptation to p.irasitic h.ibits and conse¬ 
quent degeneration. 

The primitive worms (Platodaria ) are 
very sm.'ill ll.it worms of simple con¬ 
struction, but of great morphological .'ind 
phylogenetic interest. They have been 
hitherto, .'is .'i rule, reg.arded as a speci.'il 
order of the Turhellaria, .'ind as.sociated 
with the Rhahdoca la ; but they differ 
considerably from these and .'ill the other 
I’latodes ((l.'it worms) in the ah.scnce of 
renal canals and a special centr.'il nervous 
.system ; the structure of their tissue is 
also simpler th.in in the other I’latodes. 
Most of the J'latodes of this group 
{Aphanostonmm, Amphuha'rus, Convo- 
luta, Schiaoprora, etc.) are very soft and 
delicate anim.'ils, swimming .'ibout in the 
sc.'i by means of a ciliary coat, .'ind very 
small (,V to inch long). Their oval 
body, without appendages, is .sometimes 
spindle-sh.'iped or cylindrical, sometimes 
flat and le.if-shaped. Their skin is 
merely a lay’er of clli.'itcd ectodermic cells. 
Under this is a .soft medull.'iry substance, 
which con.sists of entodcrmic cell.s with 
vacuoles. The food passes through the 
mouth directly into this digestive medul¬ 
lary substance, in which we do not 
generally .see any permanent gut-cavity 
(it may have entirely collap.sed); hence 
the.se primitive Pl.atodes have been called 
A coda (without gut-c.'ivity or civlom), or, 
more correctly, Ciyptoctrln, or Pseudocada, 
The sexual organs of these hermaphroditic 
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Platodaria are very simple -two pairs of 
strings of cells, the inner of which (the 
ovaries, Fij^. 239 <>) produce ova, and 
the outer (the spennaria, s) sperm-cells. 
These gonads are not yet independent 
sexual glands, hut sexually ditforehlialed 
cell-groups in the medullary substance, 
or, in other words, parts of the gut-wall. 
Their products, the sex-cells, are conveyed 
out behind hy two pairs of short canals ; 



Frc. 339.— Aphanostomum Langli (HaecM), a 

primitive worm of the platuiluria class, of the order of 
Cryfitocuf/a or Acop/a, This new species of the genus 
Aphanoxto/Hum, ii.amcd after Professor Arnold Lang of 
Zurich, was found in September, 1899, at Ajaccio in 
Corsica (creeping between luemde.a). It is one-twelfth 
of an inch long, ono-twenty-fiflh of an inch broad, and 
violet in colour, a mouth, auditory vesicle, <• ecto¬ 
derm, i entoderm, o ovaries, a- sperniaries, / female 
aperture, m male aperture. 

the male opening (in) lies just behind 
the female (f). Most of the Platodaria 
have not the muscular pharynx, which is 
very advanced in the Turhellaria and 
Trematoda. On the other hand, they 
have, as a rule, before or behind the 
mouth, a bulbous sense-organ (auditory 
vesicle or organ of equilibrium, ^), and 
many of them have also a couple of simple 
optic spots. The cell-pit of the ectoderm 


that lies underneath is rather thick, and 
represents the first rudiment of a nettral 
ganglion (vertical brain or acroganglion). 

The Turhellaria^ with which the similar 
Platodaria were formerly classed, differ 
materially from them in the more advanced 
structure of their organs, and especially 
in having a central nervous system (verti¬ 
cal brain) and excretory renal canals 
(nephridia); both originate from the ecto¬ 
derm. But between the two germinal 
layers a mesoderm is developed, a soft 
mass of connective tissue, in which the 
organs arc embedded. The Turhellaria 
arc still represented by a number oIF dif¬ 
ferent forms, in both fresh and sea-watei. 
The oldest of these are the very a^di- 
mentary and tiny forms that are kni)wn 
as Rhahdocala on account of the simple 
construction of their gut ; they :ire, as a 
rule, less than a qii.-n ler of an inch long, 
and ol a simple oval or lancet shape (Fig. 
240). The surface is covered with ciliated 
epithelium, a stratum of ectodermic cells. 
The digestive gut is still the simple primi¬ 
tive gut of the gastnea (d), with a 
single aperture that is both mouth and 
anus (mJ. There is, however, .an in¬ 
vagination of the ectoderm at the mouth, 
which has given rise to a muscular 
ph.arynx (sd). It is noteworthy that the 
mouth of the Turbclhiria (like the primi- 
tiv'c mouth of the Gastnea) may, in this 
class, change its position considerably in 
the middle line of the ventral surface^ 
sometimes it lies behind OpisthostomumJ, 
sometimes in the middle (Mesostomum), 
sometimes in front (Prosostomum). 
This displacement of the mouth from 
front to rear is very interesting, because 
it corresponds to a phylogenetic displace¬ 
ment of the mouth. This probably 
occurred in the Platode ancestors of most 
(or all ?) of the Coelomaria ; in these the 
permanent mouth mclastoma) lies at 
the fore end (oral pole),- .whereas the 
primitive mouth (prostoma) lay at the* 
hind end of the bilateral body. 

In most of the Turhellaria there is a 
narrow cavity, containing a number of 
secondary organs, between the two 
primary germinal layers, the outer' or 
animal layer of which forms the epidermis 
and the inner vegetal layer the visceral 
epithelium. The earliest of these organs 
are the sexual organs; they are vfery 
variously constructed in* the Platode- 
class; in the simplest case there are 
merely two pairs of gonads or sexual 
glands— a pair of testicles (Fig. 241A) . 
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and a pair of ovarijjs CeJ. They open 
externally, sometimes by a common 
aperture f Monof^nopora J, sometimes by 
separate ones, the female behind the male 
(Dipufiopora, Fiff. 241). The sexual 
glands develop originally from the two 
promesoblasls or primitive mesodermie 
cells (Fig‘. 83 p). As these earliest nieso- 
dermic structures extended,'and became 
spacious sexual pouches in the later 
descendants of the Platodes, probably the 
two ccrlom-pouches were formed from 
them, the first trace of the real body- 
.cavity of the hij^her Metazoa (Entero- 
ctvla). 

Thq j^on.ids are amoiif' the oldest 
orj^ans, the few other origans that we 
find in the Platodes between the jj^ut-wall 
and body-wall beinj^- later evolutionary 
products. One of the oldest and most 
important of these are. the kidneys or 
nephridia, which remove unusable matter 
from the body (Fijr. 240 «c). These 
urinary'or excretory orj^^ans were origi¬ 
nally enlarjjed skin-i^lands—a couple of 
canals that run the leoj^jlh of the body, 
and have a separate or common external 
aperture (nm). They often have a 
number of branches. These special ex¬ 
cretory oi'f^ans are not found in the other 
Cielenteria (Gastrreads, Sponj^cs, Cni- 
daria) or the Cryplociela. They are first 
met in the Turbcllaria, and have been 
transmitted direct from these to the 
Vemialia^ and from these to the hij^her 
stems. 

Finally, there is a very important new 
orj^an in the Tuibellaria, which we do 
not find in the CryptoarJa (Fifjf. 239) 
and their j^astr;ead ancestors —the rudi¬ 
mentary nervous .system. It consists of 
a couple of simple cerebral f^anfj^lia (Fij^. 
241 ^)and fine nervous fibres that radiate 
from them ; these .are partly voluntary 
nerves (or motor fibres) that f^o to the 
thin muscular layer developing? under the 
skin; and partly sensory nerves that 
proceed to the sense-cells of (he ciliated 
'epidenn (/'). Many of the Turbellaria 
have also special scnse-orj?ans ; a couple 
of ciliated smt?ll pits (na), rudimentary 
eyes (au), and, less frequently, auditory 
vesicles. « 

On these principles I assume that the 
oldest and simplest Turbellari.a arose 
from Platodaria, and these directly from 
bilateral Gastrseads. The chief advances 
were the formation of gonads and neph- 
ridia, and of the rudimentary brain. On 
this hypothesis, which 1 advanced in 1872 


in the first sketch of the f?astra‘a-theory 
CMonograph on the Sponjt;^es), there is no 
diret:t alliiiity between liie Platbdes and 
the Cnidaria. 

Next to the ancient stem-g'roup of the 
Turbelfarki come .'i number of more 
recent chordonia ancestors, which we 
class with the Ventutlia or Helminthes, 
the unarliculaled worms. These true 


Kio. 240. Fig. 241. 

Fig. 240.— a simple turbellarlan f 
m mouth, .srf (rulU-t I'pithfliiini, .\«i uiuscIl'n, d 

(f.aslric jjut, nc renal canal'i, nm renal aperture, «weye, 
na olfiiclory pit. (ni.'ifrrani. ) 

Fig. 241.- The same, showiiiK- the oilier ort^anH. 
i'-hrain, an eye, na oll;ietorv pit, n nerves, k testielcn, 
^ male aperture, $ fi-male aperture, e ovary, jf 
ciliated epiderm. (Dia^'r.am.) 2 

worms (Vermes, Lately also called Scale- 
cida) .are the difficulty or the lumber-room 
of the zoolojrical classifier, because the 
various classes have very complicated 
relations to the lower Flatodes on the one 
hand and the more advancH*d .animals on 
the other,. But if we exclude the Platodes 
and the ^nnelids from this stem, we find 
a fairly satisfactory unity of organisation 
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in the remaining classes. Aniongf these of an amis at the posterior end (Fig', 
worrtis we find some important forms 242 <?). Further, the cilia that cover the 
that show considerabJe advance in organ!- wJiole surface of the Turbellari.a are go n- 
sation from the plalode to the chordonia fined in the tlastrotricha to two ciliitted 
stage. Three of these plieiiomena are bands (f) on the ventral surface of-the 
particularly instruclive ; (i) The forma- ova] body, the dorsal surface having 
lion of a true (secondary) body-cavity bristles. Otherwise the organisation of 
(cceloma); (2) the formation of a second the two classes is the same. In both the 
aperture of the gul, llie anus ; and (,^) the gut consists t>f a muscular gullet and a 
lonnation of a vascular system. The glandular primitive gut (li). Over the 
great majority of the Vennalia have these gullet is a double brain (acroganglion,^'’). 



Fio. Fig. 2.11. 

Figs. 242 rmJ 244.—Chsetonotus, a rudimentary vermalian, of iIil- icroup of G-istrotrirh.-v. »>/ mouth, 

* 4'iilU't, </ iriit. a .iiuis, hr.iin, n m-rx cs, .v.v si-iisorj h.virs, an l'Vi , mi. muscular l'oIIs, h skin.y ciliated hands of 
the vciitr.vl Mirl.ici', »;i lu-plindi.i, »w Itieir apcrliirc. f ov.ines. 

three feature's, and they are all wanting At the side of the gul are two serpentine 
in the Plalodes ; in the rest of the woims prorenal canals (water-ve.ssels or pro- 
at least one or two of them are developed, nephridia, «< ), which open on the ventral 
Next and very close to the Platodes vve side ( nm ). Hehind are a pair of simple 
have the Ichtliydina ( Ga.<!(roincha), little sexual glands c^r gonads (Fig. 243 e). 
marine and fresh-water worms, about While the Ichtliydina are thus closely 
aio bi ,n\>„ inch long. Zoologists dilTer related to the Platodes, we have to go 
as to their position in classification. In farther aw’ay for the two cl.isses of 
my opinion, they approach very close to Vennalia which we unite in the group of 
the RhabdoccEla (tigs. 240, 241), and the “snout-worms” These 

differ from them chiclly in the possession are the Nemcrtina and the Enteropneusta. 
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Both classes have a complete ciliary coal 
on the epidermis, a heritaf^c from the 
Turbellana and the Gastra'ads; also, both 
have two openings of the gut, the mouth 
and anus, like the Gastrotricha. But we 
find also an important organ that is 
wanting in the preceding forms—the 
vascular system. 1 n their more ad\ aneed 
mesoderm we find a few contractile longi¬ 
tudinal canals which force the blood 
through the body by their contractions ; 
these are the first blood-vessels. 



Fig. 244.— a shnple Nemertine. m moiitt, 
a anus, g brain, it nerves, h ciliary coat, sensory pits 
(head-clcfts), aKcycs, /-dorsal vessel, /lateral vessels. 
(Diagram.) 

Fig. 24s.— AyoungEntepopneustf Itu/niiogiosius). 
(From Alexander Agassiz.) r acorn-.sliaped snout, A 
neck, k gill-clefts and gill-.arrhcs of the fore-gut, in long 
rows on each side, d digestive hind-gut, filling the 
greater part of the body-cavity, v intestinal vein or 
ventral vessel, lying between the parallel folds of the 
skin, a anus. 
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The Neniertinsi were formerly classed 
with the much less advanced Turbellaria. 
But they dilTer essentially from them in 
having an anus and blood-vessels, and 
several other marks of hif^her organi¬ 
sation. They have generally long and 
narrow bodies, like a more or less Hattened 
cord ; there are, besides several small 
species, giant-forms with a width of i to 
inch and a length of several yards (even 
ten to fifteen). Most of them live in the 
sea, but some in fresh water and moist 
earth. In their internal structure tliey 
.approach the Turbellaria on the one hand 
and the higher Vermalia (especially the 
Enteropneusta) on the other. They nave 
a good deal of interest as the lowest and 
oldest of all animals with blood. In them 
we find blood-vessels for the first time, 
distributing real blood through the body. 


The blood is red, and the red colouring- 
matter is Inemoglobin, connected with 
elliptic discoid blood-cells, as in the V'erte- 
br,atcs. Most of them h.ave two or three 
parallel blood-canals, which run the whole 
length of the body, and are connected in 
front and behind by loops, and often by 
a number of ring-sh:iped pieces. The 
chief of these primitive blood-vessels is the 
one that lies above the gut in the middle 
line of the back (Fig. 244 ;•); it may be 
compared to either the dorsal vessel of 
the Articulates or the aort.'i of the Verte¬ 
brates. To the right and left are the two 
serpentine lateral vessels (Fig. 244 /). 

After the Neniertina, I take (as distant 
relatives) the Enterbpneujtia; they may be 
classed together with them as Frontonia 
or Rhyncococla (snout-worms). There is 
now only one genus of this class, with 
several species (Balanoglossus); but it 


is very remarkable, and may be regarded ' 
asi the last survivor of an ancient and 
long-extinct class of Vermalia. They 
arc related, on the one hand, to the 
Nemertina and their Immediate ancestors, 
the Platodcs, and to the lowest and oldest 
forms of the Cliordonia on the other. 

The Enteropneusta (Fjg. 245) live in 
the sea s.and, and are long worms of very 
simple shape, like the Nemertina. hroni 
the latter they have Inherited: (1) The 
bilateral type, with incomplete segmenta¬ 
tion ; (2) t he cili.'iry coat of the soft epi¬ 
dermis ; (3) the double rows of gastric 
pouches, alternating with a single or 
double row of gonads ; (4) separation of 
the sexes (the Plat ode ancestors Were 
hermaphroditic); (5) the ventral mouth, 
underneath a protruding snout ; (6) ,the 
anus terminating the simple gut-tube; 

.and (7) several parallel blood- 
canals, running the length of 
the body, a dorsal and a ventral 
principal stem. 

On the other hand, the En¬ 
teropneusta differ from their 
Nemcrtine ancestors in several 
features, some of which are 
important, that we may attri¬ 
bute to adaptation. The chief 
of these is the branchial gut 
:Fig. 245 k). The {interior 
section of the gut is converted 
into {I respiratory org.an, and 
pierced by two rows of gill- 
clefts ; between these there is 
;i bnmchiiil (gill) skeleton, 
formed of rods a^d plates of 
chitlne. The water that enters 
at the mouth m.ikes its exit by these clefts. 
They lie in the dorsal half of the fore-gut, 
:ind this is completely separated from the 
ventnil lailf by two longitudinal folds 
(Fig. 24(1 A*). This v'entral half, the 
glandular wjills of which are clothed with 
cilifiry epithelium and secrete mucus, 
corresponds to the pharyngeal or hypo- 
branchial groove of the Chordonia ^ An), 
the important organ from which the 
later thyroid gland is developed in the 
Cnmiola (cf. p. 184). The agreement in 
the structure of the branchial gut of 
the Enteropneusts, Tunicates, and Verte- 
bnates w.'is first recognised by Gegenbaur 
(1878) ; it is the more sigmficiint as' .if 
iirst we find only a couple of gill-clefts in 
the young animals of all three groups; 
the number gradually increases. We 
can infer from this the common descent 
of the three groups with all the mor& 




Fui. Transverse section of the branchial gut. -J af 

Jialaiiof’lo'.sui, />’ iii .‘ticidia. r brancliiiil (,'iit, >/ ph.iryiif>o.il (;roo\o, 
* vi'iitr.il tolJ.s bclwivn thi' Iwi). illiisti.-itiiiii tniin 

Gci; I'll haul', lo st)ow the rel.atioi of On Jors.il hr.iiicli al-t;ul c.uity 
to the pharyng-fal or In pobra dii.il i ' (u). 
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confidence when we find tlie Balano- tlieir organisation have been preserved 
glossus appro}iching the Chordonia hi by heredity. 

other respects. Thus, for instance, the We must ^rant, however, that in the 
chief part of the central nervous system whole stem-history of the Vertebrates the 
is a long dorsal neural string that long stretch from the Gastra*.ads and 
runs above the gut and corresponds to Platodes up to the oldest Chordonia 
the medullary tube of the Chordonia. remains by far the most obscure section. 
Bateson believes he has detected a rudi- We might frame another hypothesis to 
mentarychorda between the two. raise the difficulty—namely, that there 

Of all extant in\ertebrate animals the was a long series of very dlfll'erent and 
Enteropneusts come nearest to the Chor- totally extinct forms between the Gastraja 
donia in virtue of these peculiar char- and the Chordiea. Even in this inodi- 
acters ; hence we may regard them as the lied chorda'a-theory the six fundamental 
survivors of the ancient gut-breathiiig organs of the chordula would retain their 
Vermalia from which the Chordonia also great value. The medullary tube would 
have descended. Again, of all the chorda- be originally a chemical sensory organ, a 
animals the Copelata {h'ig. 225) and the dorsal olfactory lube, t.iking in respirh- 
titiled lar^va' of the asiidia approach lory-water and fimd by the neuroporus 
nearest to the young/^r//a/a;i_>7rcvA'7/A. Both in front and conveying them by the 
are, on the other hand, very closely related neiirenleric 4 ’anal into the primitive gut. 
to the . I//7 ////Vm77.t, the I’rimilixe Veite- 'I'his tdfactory tube would afterwards 

bfate of which we haw cimsidered the become the nervous centre, while the 

importance (t'hapters XV''!. and XV’^ll.). xpaiiding gonads (lying It) right and left 
As we saw there, the unarliculaled )f the primilixe mouth) would form the 
Tunicates and the articul.ited Vertelaales (i loma. 1 'he chorda may have been 
must be regaided as two independent iriginally a digestiw glandular groove 
stems, that have developed in divergent n the dorsal middle line of the primitive 
directions. But the common lOot of the gut. The two secondary gut-openings, 
two stems, the extinct group of the mouth and anus, may have arisen in 

Prochordonia, must be sought in the various ways by change of functions. In 

vermalia stem ; .md of all the living any case, we should ascribe the same 
Vermalia Ihtisewe have considered gi\e high value to the chordula as we did 
U.S the safest clue tti their origin. It is before to the gasirula. 
true that the actual lepresentatives of the In order to explain more fully the chief 
important groups of the Copelata, Balano- stages in the advance t)f our race, 1 add 
glossi, Nemertina, Icthydina, etc., have the hypothetical sketch of man’s ancestry 
more or less departed from the primitive that I published in my [a trans¬ 

model owii^ to adaptation to special lation by Dr. (iadow of the paper read at 
cnvironmenTT But we may just as con- the International Zoological Congress at 
fidently affirm that the main features of Cambridge in 1898!:— 



A.~Man’sienealogieal Tree,fet Half; ' 
EARLIER SERIES OF ANCESTORS, WITHOLJ 
FOSSIL EVIDENCE. 


Chief Stages. Ancestral 6t|in-gPoups. 


Living Relatives of 
Ancestors. 


Stages 1-3; 
Protist 
ancestors. 
Unicelluiar 
organisms, 
i-a: 

Protophytes. 


j-5: 


Protozoa. 


i. Monera. 

Without nucleus. 

?. Algaria, 

Unicellular alga^ 

_ _ 3. Lobosa. 

Unicellular (aincebina) 
rhizopeds 

4. Infusoria. 

Un.cellular. 

3. Blastsades. 

Multicellular hollow spheres 


1. Chromacea. 

I Chmocm.) 
Phycochromacea, 

2. Pauiotomea. 
Pttimelhcea 
Ertmsplma, 

3 Amcebina. 
Amk Lettcocyta, 

4 Flageilata. 

EufiiigcHaia 

Zimomdes, 

3. Cataliacta. 

Magosphm, I'okxma, 
Bhhtuk. 


Stages 6-11: 
Invertebrate 
metazoa 
ancestors. 

Ccelenteria, 
without anus and 
body<avity. 

Vertnalia, with 
aus and body- 
cavity. 


6 Gastrsades. 

With two germ-laters, 

7. Platodesl. 

Platodam 
(without nephridia), 

aplatoaesll. 
Plaiodink (with nephridia). 

9. Proyernialia. 
(Primitive worms.) 

RMatoria, 

10. Frontonia. 
(Rhmehekinthes.) 

Snout-worms, 
ii. Prochordonia, 

' Chorda-worms. 


6. Gastruia. 

Hydra, Oiyiitkus, 
Castremna. 

‘ Cryptocoela. 

(oimliita, Prdpmt^. 

8 Rhabdoccela. 
I'orta', Homin'!. 

9 Gastrotricha. 

TrockoM, Tmchojilma. 

10. Enteropneusta. 

Balamglosm 

EfflmludMus. 

II. Copelata. 
AjijxiidiCiiria. 
Chordula-lana;. 


Stages 1M3: ‘ 

IHonorhina 

ancestors. 

Oldest vertebrates 
without jaws or 
pairs of limbs,, 1 
single nose, 


12. Acranial. 12. Ampiitxuslarvs. 

, (Pro.spondvlia.) * 

13. Acrama II. 13. Leptoeardia. 

More recent. | Amphioxu*., 

14. Cyclpstoma I. 4 retromyzonta larv*. 
(Archicrania.) 

tj. Cyclostoma II. 15. Marsipobranchia. 

More recent. . Petromyzoeta. 


•' B.-Man’s Genealogical Tr?e, Second Half: 

L4TER ANCESTORS, WITH FOSSIL EVIDENCE" 

* i V ■ 1 '__ 


Geological 

Periods. 


Ancestral Stp-groups. 


.living Relatives of 
' Anebstops. 


Siiurian. 

Siiurian. 

Devonian. 

Carboniferous. 

Permian. 


16. Seladlii. , 16 Natldabid^. 

Primitive fishes. , Chlamydoselachius. . 

Pnselacjm, Heptanchus.' 

i:. Canpides. ■ 17. Aoeipenserid^ 

Plated-fishes. j _ (Slurgeoils.) 

Progamides. 1 ' Polypterus, 

18. Dipneusta. ! 18. Neodipneusta. ■ 

Paindifaieuda. r , Ceratiidus. 

Protoptcrus, 

19 Amphibia. , 19 Pb^erobranchia.’ 

MesKr^kala Salagi^ndrind. 

(Proteus.triton.) 

20 Reptiiia. 2<» Rhynchocephalia, 

Prorcjtdin. ^ Primitive kzaids. . 

ilattdiia. * 


Triassic. 

Jurassic. 

Cretaceous. 


21. Monotreraa. 

Promammalia. 

22 Marsujiialia. 

Prodtdelj'hta, 


23. Mailotheria. 

Proi'honata, 



Onulhorhmus, • 

22. Didelphia. ■ ' 

Diddfihyn 
Pmmeles, - ‘ 

23. Insectivora, 

Erinaceida, 
(Ictopsida +,) 


Oider Eocene. 

Neo-Eocene. 

Oiigocene. 
Older Miocene. 
NeO'Miocene. 

Pliocene. 


I 24 Lemuravida. I 

I Older lemurs. 

I Dentition 3. i. 4 3. | 

)' 25. Leraurogona. 

■| Later lemurs. 

I, Dent. 2. 1.4. j. , 

' 26. Dysmopitheca, ! 

Western apes 
' Dent. 2. I. 3. 3. 

1 27. Cynopitheca. 

[ Dog-faced apes (tailed). 

1' 28. Anthropoides. ! 

j ^Man-like apes (fiiil-less). 

I 'I 

I 29 Pithecanthropi. ' j 
• .Ape-men (ilall. speechless). ' 

I r. i 


Pleistocene. i 



24. Pachyleinures. 

(Hw^sadm j.) 
(Adapts -j-.y 

23. Autolemures. 

Eulemur, 

Simps. 

26. PlatyrrhinsB, 

I Anthrapops i.) 
fHnmuKuksA.) 

27. Papiomoppha. 
Cymtphks. 

28. Hylobatida. 
Hylobates. 
^t)ru.s. 

39. ^tbropitheca. 

Chimpanzee. 

* Gorilk 
■ 3 o.iWeddahs.' 
Austiitlian negroes. 
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Chapter XXL 

OUR FISH-LIKE ANCESTORS 


Our task of detect In|^ the extinct anofstors ' 
of our race amonjj the vast nunihers of | 
animals known to us encounters wry 
different dilHculties in the various sections , 
of man’s stem-history- These were very ' 
great, in the series of our invertebiate 
ancestors ; they arc much sligliter in 
the subsequent sei ies of our vertebrate 
ancestors. Within the vertebrate stem 
tliere is, %s we have already seen, so 
complete an agreement in structure and , 
embryology that it is impossible to doubt 
their phylogenetic unity. In this case 
the evidence is much clearer and more 
abundant. | 

The characteristics that distinguish the , 
Vertebrates as a whole from the Inv'erte- 
brates have alre.idy been discussed in our \ 
description of the hypothetical I'rimitive , 
Veftebrate (Chapter XI., Figs. qX-ioj). 
The chief of these are : (1) The evolution ^ 
of the primitive brain into a dorsal 1 
medullary tube ; {2) the formation of the I 
chorda between the medullary tube and j 
the gut ; (3) the division of the gut into j 
branchial (gill) and hepatic (liver) gut ; j 
and (4) the internal articulation or meta- 
nferism. The first three features are | 
shared by the Vertebrates with the j 
ascidia-larvft and the Prochordonia; the 1 
fourth is peculiar to them. Thus the I 
chief advantage in organisation by which ! 
the earliest Vertebrates took precedence ! 
of the unsegmented Chordonia consisted 
inihe development of internal segmenta¬ 
tion. 

The whole vertebrate stem divides tirst 
into the two chief sections of Acrania and 
CiJiniota. The .Amphioxus is the only 
surviving representative of the older and 
lower section, the Acrania (“ skull-less ”). 
All the other vertebrates belong to the 
second division, the Craniot.a (“ skull- 
animals”). fPlie Craniota descend directly 
from the Acrania, and these from the 
iprimitive Chordonia. The exhaustive 
study that we made of the comparative | 
anatomy and ontogeny of the Ascidia and ' 
the Amphioxus has proved these relations 
for us. (See CMipters XVI. and XVII.) 


The Amphioxus, the lowesf Vertebrate, 
and the Ascidia, the nearest related 
Invertebrate, descend IVnui a cv>nrftu)ri 
extinct stem-form, the Churdica ; and,' 
this must have had, suhstafttiaUy, the 
organisalitin i>f the chordul.-i. 

H owevei, the Amphivixus is important ^ 
not merelv bec.mse it fills llie deep gitlf 
between I lie Iiiverlehrates tmd Verte¬ 
brates, hill also because it shows us to- 
dav the typical vertebrate in all its sim¬ 
plicity. We owe to it the most important 
data that vw proceed on in reconstructing 
the gradual historical development of the 
whole stem. All the Cavimota descend 
from .'I common slein-rorm, and this w.is 
siihstantially identival in structure vvitli 
the Amphioxus. This slem-ronn, the 
Primitive Vertebrate (/Vfn/>«M</v/w.v, Figs, * 
()X 102), had the characteristics of tlic 
vertebrate as such, hut not tlie important 
features that distinguish the Craniota- 
from the Acrania. T'liongh the Amphi^ ^ 
oxLis has ill.Ill)' peenli.irities ol structure , 
and has much degenerated, and ihoggh', 
it cannot he reg.irded as an iincliang41d ^ 
descendant of the Primitive Vertebrate, 
it niiist have inherited from It the spgcifiij 
cliaraclers we enumerated above. We 
may not say that “.Amphioxus is thy 
ancestor of the Vertebrates but we caQ 
say : “Amphioxus is (he nearest relation 
to the ancestor of al! the animals we 
know.” Both belong to the same small 
family, or lowest class of the Vertebrates, 
that wc call (he Acrania, In our genea¬ 
logical tree this group forms the twelfth 
stage, or the first stage among the verte¬ 
brate ancestors (p. 22X). I''romJLhis group 
of Acrania both the Amphioxus and the 
Craniota were evolved. 

The vast division of the Craniota 
embraces all the Vertebrates known -to 
us, with the exception of the Amphioxus. 
All of them h.'ive a head clearly differen¬ 
tiated from the tr&nk, and a skull enclos- 
ing a brain. The head has also three pairs 
of higher sense-orjfans (nose, eyes, and 
ears). The brain is very rudimentary at 
first, a mere bulbous enlargement of the 
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fore end of the medullary 
tube. But it is .soon 
divided by a number of 
transverse cons(rictions 
into, first three, then five 
successive cerebral 
vesicles. In this forma¬ 
tion of the head, skull, 
and brain, with further 
development of the higher 
sense-organs, we have 
the advance that the 
Craniota made beyond 
their skull-iess .'uicestors. 
Other organs also at¬ 
tained ;i higher develop¬ 
ment ; they acquired a 
compact centralised heart 
with valves and a nu>re 
advanced liver and kid¬ 
neys, and made progress 
in other important 
respects. 

We may divide the 
Craniota generally into 
C vclos tom a (“ r o u n d - 
mouthed ”) and (htni/to- 
stojua (“javv-moul bed ”). 
There are only a few 
groups of the former in 
existence now, but they 
are very interesting, 
because in their whole 
structure they stand mid¬ 
way between the Acrania 
and the Gnathostoma. 
They .ire much nu)re 
advanced than the Acra- 
ni.'i, much less .so than 
the fishes, and thus form 
a very welcome con¬ 
necting-link between the 
two groups. We m.ay 
therefore consider them 
a special intermediate 
group, the fourteenth and 
fifteenth stages in the 
series of our ancestors. 

The few surviving 
.species of the Cyclostoma 
are divided into two 
orders—the MvxinoUies 
and the l^eiromy^ontes. 
The former, the hag- 

Fio. 247.—The large marine 

lamprey (Pt'tromyjan mari- 
nus), much reduced. Behind the 
eye there in a row of seven pill- 
Clefls visiSle on tlic left, in front 
Fk}. 347. tile round 3uctori.1l mouth. 


fishes, have a long, cylindrical, worm- 
like body. They were das.sed by LinnS 
wfth the worms, and by later zoologists 
with the tishes, or the amphibia, or 
the molluscs. They live in the sea, 
usually as parasites of fishes, into 
tlic skin of which they bore with 
their round suctorial mouths .and their 
tongues, armed with horny teeth. They 
are sometimes found alive in the body- 
cavity of fishes (such as the torsk or, 
sturgeon); in these cases they have passed 
through the skin into the interior. The 
•second older consists of tlve I’elro- 
my/.ontes or lampreys; the small r|ver 
lamprey Petromyzon Jlin’iaiilis) ^nd 
the large marine lamprey (Petromyvon 
mannus, Fig. 247). They al.so have^ a 
round suctorial mouth, with hqfny Iciith 
inside it ; by means of this they attach 
themseKes by sucking to fishes, slont'f?, 
and other objects (hence the name Pctro~ 
myson stone-sucker). Jt seems that 
this habit was veiy widespread among 
the earlier Vertebrates ; the larvaj of 
many of the Ganoids and frogs have 
■suctorial disks near the mouth. 

The class that is formed of the My'^xi- 
noides and I’etroniyzontes is called the 
Cyclostoma (round - mouthed), because 
their mouth has a circular or .semi-circular 
aperture. The jaws (upper and lower) 
that v^ e find in all the higher Vertebnitc!# 
are completely wanting in the Cyclosloma, 
as in the Amphioxus. Hence the other 
Vertebrates are collectively opposed to 
them as Gnalhostoina (jaw-mouthed), 
'J'he Cyclostoma might also be called 
Munorhina (single-nosed), b(|j;ause they 
have only a single nasal passage, while 
all the tlnathostoma have two nostrils 
{Amphirhma— double-nosed). But apart 
from these peculiarities the Cyclo.sloma 
difl'er more widely from the fishes in 
other special features of their structufo 
than the fishes do from man. Hence they 
are obviously the last survivors of a very 
ancient class of Vertebrates, that was 
far from attaining the advanced organisa¬ 
tion of the true fi.sh. To mention only 
the chief points, the Cyclostonm show no 
trace of pairs of limbs. Their mucous 
skin is quite naked and smooth and 
devoid of scales. Thpre is no bony 
skeleton. A very rudimentary skull is 
developed at the foremost end of their 
chorda. At this point a soft membranous 
(partly turning into cartilage), small 
skull-capsule is formed, and encloses the 
brain. 
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The brain of the Cyclostoma is merely' 
a very small and comparatively insig'nj- 
ficant swelling of the spinal marrow, a 
simple vesicle at first. It afterwards 
divides into five successive cerebral vesi¬ 
cles, like«thc brain of the Gnathostoma. 
Those five primitive cerebral vesicles, 
that are found in the embryos of all the 
higher vertebrates from the tishes to man, 
and grow into very complev structures, 
remain at a very rudimentary stage in the 
Cyclostoma. The histological structure 
of the nerves is also less advanced than 
in the rest of the vertebrates. In these 
the 'auscultory organ always contains 
three circular canals, but in the lampreys 
there are only two, and in the hag-fishes 
only one. In mt)st other respects the 
org.inisatson of the Cyclostoma is much 
simpler—for instance, in the structure of 
the heart, circulation, and kidneys. We 
must especially note the absence of ;i 
very important organ that we find in the 
fishes, the tloating bladder, from which 
the lungs of the higher Vertebrates have 
been developed. 

When we consider all these peculiarities 
in the structure of the Cyclostoma, we 
may formulate the following thesis; 
Two divergent lines proceeded from 
the earliest Cr.iniota, or the primitive 
Craiiiota (Archiemnia). One of these 
lines is preserved in a greatly modified 
condition: these arc the Cyclostoma, 
a very btickward and partly degenerate 
side-line. The other, the chief line of 
the Vertebrate stem, advanced straight 
to the fishes, and by fresh ad.'iptations 
acquired a itumbcr of important improve¬ 
ments. 

The Cyclostoma arc almost always 
chassified by zoologists among the fishes ; 
but the incorrectness of this may be 
judged from the fact that in all the chief 
and distinctive features of organisation 
they are further removed from the fishes 
than the fishes are from the Mammals, 
and even man. With the fishes we enter 
upon the vast division of the jaw-mouthed 


Fig! 248.— Fossil Permian primitive fish (PIfu- 
vacanthus Dechenii)-, from the red sandstone of Saar- 
brtlcken. (From liuderlein.') I. Skull and branchial 
skeleton : o eye-reg-ion.,/^ natatoquadratum. wrf lower 
jaw. hm hyomandilnilar. hy tongue-bone, k gill-radii, 
hb gtU-arche^, e jaw-teeth, sz gullet-tceth, at neck-spine. 
II, vertebral column : ob upper .arches, ub lower antics., 
he intercentra, r rihs. Ill. Single fins: d dort<al fin, 
C tail-fin (tail-end wanting), an anus-fin, ft supporter oi 
^n-rays. IV. Breast-fin : Jg shoulder-zone, 02: fin-axis, 
JV double lines of fin-rays, hs additional rays, sch plates. 
V. Ventral fin : pelvis, ax fin-axis, ss single row of 
^-rays, bs additional rays, sch scales, cop penis. 



Fig. 248. 
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or doubJe-no.scJ Verlpbratcs ((/natho- 
stoma or A mphirhina). We have to con¬ 
sider the fishes carefully as the class 
which, on tl^e evidence ol' palicontology, 



pairs ol h In'Ily-fins, a anus, .r tail-fin, k 

external pill-luft, d yolk-sac (rciuovisl for most part), g 
fye, M nose. »/ nioulli-clcft. 

comparative anatomy, and ontog'eny, may 
be regarded with absolute cerlamty as the 


.stem-class of all the higher Vertebrates 
or Gnathostomes. Naturally, none of the 
actual fishes can be considered the direct 
ancestor of the higher Vertebrates. Put 
it is certain that all the Vertebrates or 
(inalhostomes, from the fishes to man, 
descend from a common, extinct, fish-like 
ancestor. If we had this ancient stem- 
form before us, we would undoubtedly 
class it as a true fish. Fortunately, the 
comparative anatomy and classification 
of the fishes are now so far advanced that 
we can get a very clear idea of these 
interesting and instructive features. 

In order to understand properly the 
gcne.'ilogic.'il tree of our nice within the 
vertehr.'ite stem, it is important to bear in 
mind the characteristics that separate 
the whole of the Cinalhostonies from the 
tA’clostomes and t'raniola. In these 
respects the fishes ;igree entirely with all 
the ol her (In.Uhoslomes up to man, and 
it is oti this tliat we base our claim of 
relalionship to the fishes. The following 
I haniclerislics of the Gnathostomes are 
.•in.'ilomic features of this kind : (i) The 
internal gill-arch apparatus with the jaw- 
an lies ; (2) the pair of nostrils; (3) the 
lloating bl.idderor lungs ; and (4) the two 
pairs of limbs. 

'File peculiar Ibrniation of the frame¬ 
work of the branihial (gill) arches and 
the connected maxillary (jaw) apparatut; 
is of importance in the whole group of 
the (inathostomes. It is inherited in a 
rudimentary form by all of them, from 
the earliest fishes to man. It is true that 
the piimitive transformation (which we 
find even in the Ascidia) of the fore gut 
into thehranchial gut can be traced in all 
the Wrlehrates to the same simple type ; 
in this respect the gill-clefts, which pierce 
the walls of the branchial gut in all the 
Vertebrates and in the Ascidia, are very 
characteristic. But the external, super¬ 
ficial hranchial skeleton that sup^iorts the 
gill-cnite in the Gyclostoma is replaced in 
the Gnathostomes by an /«/cr«rt/branchial 
skeleton. It consists of a number of 
successive cartilaginous arches, which lie 
in the wall of the gullet between the 
gill-clefts, .and run round the gullet from 
both sides. The foremost pair of gill- 
arches Ivccome the maxillary arches, from 
which we get our upper and lower jaws. 

The olfactory organs arc at first found 
in the same form in all the Gnathostomes, 
as a pair of depressions- in the fore part 
of the skin of the head, above the mouth; 
hence, they are also called the Amphirhina 
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(“double-nosed”). The Cyclostom.! 
are“ one-nosed” (Monorhina); their 
nose is a single passage in the middle 
of the frontal surface. But as the 
olfactory nerve is double in both 
cases, it is possible that the peculiar 
form 0/ the nose in the actual Cvclo- 
stomes is a secondary acquisition (by 
adaptation to suctorial habits). 

A third essential character of the 
Gnathostomes, that distinf^uishes 
them very conspicuously from the 
lower vertebrates wc have de.ilt with, 
is the formation of a blind sac by 
invagination from the fore part of the 
gut, which becomes in the fishes the 
air-filled floatingbladder. This organ 
acts as a hydrostatic appar.itus, in¬ 
creasing or reducing tlie specilic 
gravity of the fish by compressing or 
altering the quantity of air in it. The 
fish c.'in rise or sink in the water b}' 
means of it. This is the organ from 
which the lungs of the higher verte¬ 
brates are develo|iod. 

Finally, the fourth character of the 
Gnathostomes in their simple em¬ 
bryonic form is the two p;iirs of 
epetrernities or limbs a pair of for< 
legs (breasl-lins in the fish. Fig. :iSO'i>) 
and a pair of hind legs (ventr.-il fins 
in the fish, h'ig. 250 //). Thi' com¬ 
parative anatomy of these fins is very 
interesting, because they contain the 
rudiments of .all the skeletal parts 
that form the framework of the fore 
and hind legs in all the higher\erte- 
brates right up to man. There is no 
trace of these pairs of limbs in the 
Acrania and Cyclostomes. 

Turning, now, to .a closer Inspection 
of the fish class, we may first divide 
it into three groups or sub-classes, 
the genealogy of which is well known 
to us. The first and oldest group is 
the sub-class of the SeJachii or primi¬ 
tive fishes, the best-known represen¬ 
tatives of which to-day are the orders 
of the sharks and rays (P'igs. 248 
252). Next to this is the more 
advanced sub-class of the plated fishes 
or. Ganoids (P'igs. 253-5). It has 
been long extinct for the most part, 
and has very few living representa¬ 
tives, such as the sturgeon and the 
bony pike ; but we can form some 
idea of the earlier extent of this 
interesting group from the large 
nvunbers of fossils. From these plated 
fishes the sub-class of the bony fishes 



breast-fins, h bi’lly-fins. 
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or Teleostei was developed, to which the 
great majority of living fishes belong 
^specially nearly all our river fishes). 
Comparative anatomy and ontogeny show 
clearly that the Ganoids descended from 
the Sclachii, and the Teleoslei from the 
Ganoids. On the other hand, a collateral 



Fig. 351. — Fossil anprel-shark (Sonatina alifem), 
from till* upper Juriissic at Eii'hstatl, (From Xiticl.) 
The c.)i tila^rinous skull is clc.arly seen in the bro.ad 
head, and the Kill-ari'he.s liehind. The wide breast-fin 
•md the narrower belly-fin h.'i\e .'i numlx.’r of radii ; 
between these and the \ ei tebral column are a number 
of ribs. 

line, or rather the adv.ancing chief line of 
the vertebrate stem, was developed from 
the earlier Ganoids, and this leads us 
through the group of the Dipneusta to 
the important division of the Amphibi.a. 

The earliest fossil remains of Verte¬ 
brates that we know were found in the 


Upper Silurian (p. 201), 3 nd belong to 
two groups—the Selachii and the Ganoids. 
The most primitive of all known repre¬ 
sentatives of the earliest fi.shes are pro¬ 
bably the remarkable Pleumcanfhida,\h& 
genera Pletiracanihus, Xenaranfhus, Ortho- 
canihus, etc. (Fig. 248). These ancient 
cartilaginous fishes agree in most points 
of structure with the real sharks (Figs. 
241), 250); but in other respects they .seem 
to be so much simpler in organi.sation 
that many paheonlologists separate them 
altogether,and regard them as Proselachii; 
they are probably closely related to the 
extinct ancestors of the Gnathosldmes. 
We find well-preserved remains of them 
in the rermian period. Well-prcst'Tved 
impressions of other sharks are found in 
the Jurassic schist, such as of the angel¬ 
fish {Squat inoy Fig. 251). .Among the 
extinct eailier sharks of the 'J'ertiary 
periiul iheie were some twice as large as 
the biggest li\in}4 fishes; ('an harodon 
was more than ux) feet long. The sole 
survi\ ing spei ies of this genus ( f’. 
Rondch ti) is eleven yards k'lig, and has 
teeth two inches long ; but among the 
fossil species we find teeth six inches long 
(Fig. 252). 

From the primitive fishes or .Selachii, 
the earliest Gnathostomes, was developed 
the legion of the Ganoids. There are 
very few genera now of this interesting 
and varied group the ancient sturgeons 
(Arcipenser-), the eggs of which arc 
eaten as caviare, and the stratified pikes'** 
{Polvph'rusy Fig. 255) \n African rivers, 
and bony pikes (' Lepidastens ) in the rivers 
of North .Aineric.i. On the other hand, 
we have a great variety of specimens of 
this group in the fossil state, from the 
Upper .Silurian onward. Some of these 
fossil Ganoids approach clo.sely to the 
Selachii ; others are nearer to the 
Dipneusts; others again rcprc.sent a 
transition to the Teleostei. For our 
genealogical purposes the most interest¬ 
ing arc the intermediate forms between 
the Selachii and the Dipneusts. Huxley, 
to whom we owe particularly important 
works on the fossil Ganoids, classed them 
in the order of the Crossopteiyftfii. Many 
genera and species of this order are found 
in the Devonian and Carboniferous strata 
(Fig. 253); a single, greatly modified 
survivor of the group is still found in the 
large rivers of Africa (Polypierus, Fig. 
255, and the closely related CcUamichthys). 
In many impressions of the Cros.sopteiTgii 
the floating bladder seems to be ossin<id. 
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and therefore well preserved- for instance, i or less modified, either in consoquenccTf 
, Undtna {¥1^, 254, immediately! remote correlation to the prcetHlini; 01 
behind the head). ^ ^ owing to now adaptations. 

Part of theso^Crossopterygii approach In the vertebrate stem it was unquos- 
verycjosely in their chief anatomic features tionably a branch of the tishes-in fact, of 
to the pipneusts, and thus represent phy- the Ganoids—that made the first foi lunate 
logenetically the transition from the experiment during the ne\onian period 
Devonian Ganoids to the earliest air- of adapting themsehes to terrestri.il life 
breathing vertebrates. This important and breathing the atmosphere. This led 
advance was made in the Devonian to a niiidification of the heart and the 
period. The numerous fossils that we nose. The true fishes have merely a pair 
have from the first two geolof>ical sections, of blind olfactory pits on the surface of 
the Laurentian and Cambrian periods, the ht'ad ; but a connection of these with 
belong exclusively to aquatic plants ;ind the cavity of the mouth was now formed, 
animals. From this palieontological fact, canal made its appe.irance on each side, 
in conjunction with important j;eological and led directly from the nasal depression 
and biological indications, we may 
infer with some confidence that 
ther'c were no terrestrial animals 
at that time. During the whole 
of the vast archeozoic period- - 
many millions of years - the living, 
population of our planet consisted 
almost exclusively of aquatic organ¬ 
isms ; this is a very remarkable 
fact, when we remember that this 
period embraces the larger half of 
the whole history of life. 7 'he lower 
animal-stems are wholly (or with 
very few exceptions) aquatic. Hut 
the higher stems .also remained in 
the water during the primordial 
epoch. It was only tow aids its close 
that some of them came to live on 
land. We find isolated fossil remains 
of terrestrial animals first in the 
Upper Silurian, and in larger 
numbers in the Devonian strata, 
which w'ore deposited at the begin¬ 
ning of the second chief section of 
geology (the paleozoic age). The piu. —Tooth of a gigantic shark (Carcharo^n 

number increases considerably in waWorfow;. fmm the I’hoicm: ai ll.ilf naiural size, 

the Carboniferous and Permian (Fruni Ziiu-t.) 
deposits. W'e find many species 

both of the articulate and the vertebrate intti the mouth-cavity, thus conveying 
stem that lived on land .and breathed the atmospheric air to the lungs even vvhen 
atmosphere; their aquatic ancestors of the mouth Was closed, burl her, in all 
the Silurian period only breathed waiter, true fishes the heart has only two sections 
This important change in respiration is —an atrium th.'it receives the venous 
the chief modification that the animal blood from the veins, and a ventricle 
organism underwent in passing from the that propels it through a conical artery 
water to the solid land. The -first con- to the gills ; the .utrium was now divided 
sequence was the formation of lungs for into two halves, or right and left .auricles, 
breathing air ; up to that time the gills by an incomplete partition. The right 
alone had served for respiration. But auricle filone now received the venous 
there was at the same time a great blood from the. body, while the left auricle 
change in the circulation and its org;ins ; received the venous blood that flowed 
these are always very closely correlated to from the luitgs and gills to the heart, 
the respiratory organs. Moreover, the Thus the double circulation ot the higher 
limbs and other.organs were also more vertebrates was evolved from the simple 
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circulation of the true fishes, and, in 
accordance with the laws of correlation, 
this advance led toothers in the structure 
of other orji^aiis. 

Tlie vertehrate class, that thus adapted 


they retained the earlier jjill-respiration 
aloiifi with the new pulmonary (lung) 
respiration, like the lowest amphibia. 
This class was represented during the 
paleozoic age (or the Devonian, Car- 



Fic - A Devonian Oossopterygrius ( mihili (rom ihc SA^tili olii ri*J sandstone. 

(From Jlii.xli )' ) 

j<i4 -A Jurassic Crossopterygius ( I 'iidinn illnia ), from llie upper Jur.issic at liii'listad. (From 

y.ittfi ) / jiimil.ir pl.'ilos, A thin-I ibluil si.tli s. » 

Fiu. j.'i.';. A living Crossopterygius, from the Tpper K\\t ( Polvfitrnn buhir). 


itself to breathing the atmosphere, and boniferous, and Permian poriods) by a 
was developed from a branch of the number of different genera. There are 
Ganoids, takes the name of the Dipneusts only three genera of the class living 
or Dipnoa (“ double-breathers ”), because to-day : Protopterus annectens in the rivers 
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of tropical Africa (the White Nile, tlio 
Niger, Quelliman, etc.), Leptdosiirn 
paradoxa in tropical South America (in 
the tributaries of the Am;i/.on), aiiJ 
Ceratodus Forsteri in the rlvcr.s of East 
Australia. " This wide distribution i>r the 
three isolated survivors pio\os tliat they 
represent a group that was formerly ^'ery 
large. In tlieir whole structure they 


though most now associate them with the 
fishes. Asa matter of fact, the characters 
of the two classes lire so far united in tlie 
Dipneusls that the answer to the question 
depends entirely on the definition we give 
of " fish ” ;uul “ timphihi.m.” In habits 
they are true amphihiii. During the 
tropical winter, in the rainy season, they 
swim in the water like the fishes, and 
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FiCj a,^.—Fossil DlpnOUSt I'lt/rnn'riim’sij, Innn tln'old utl s.ii 1 ) (I'Voin/'i ti/rr.) 

Fig. -The Australian Dipneust (Vrmimhi^ Forsi, n) /.* mou i'i.miiIi. l•l^;lll ./ imvn sid, ,( thy 
skull, C- lower jfiw. (I''rtiin (iuuthrc.) Qtt qu.uhtiU lioiii, p.ir.ispln iu»iil. /V/* ]>{tT_\^D'prikthiuiin, Vo 

\omer, d teeth, 7ia nostrils, />V br;mvhi,il civitj, i' lust rih. J> itmi-j-jaw tec h ol llu I '.mI (.tnttodu Kunpi 
(fwm the ’fnassic). 


fofm a transition from the fishes to the 
amphil^a. The transitional formation , 
between ,^e two classes is so pronounced | 
in the whole organisation of these 
remarkd.blc animals that zoologists had 
a lively controversy over the question 
whether they were really fishes or 
amphibia. Several distinguished zoolo- 
g<bts classed them with the amphibia, 
\ V0L."n. 


breathe water by gills. During the dry 
season they hiir)' themselves in the dry 
mud, and bre.ilhe the atmosphere through 
lungs, like the amphibia and the higher 
vertebrates. In this double respiration 
they resemble the lower amphibia, and 
have the same characteristic formation of 
the heart ; in this they are much superior 
to the fishes. But in most other features 
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they approacli nearer lo tlie fishes, and 
are inferior lo the amphibia. Externally 
they arc entirely lish-like. 

In the I)ipneiisL.+ the liead is not 
marked (^IT from the trunk. 'I'he skin is 
covered with l.ir^e sc.lies. The skeleton 
is soft, c.'irtilai.;^inous, and .it a low slat;e 
of de\elopmenl, as in the lower Selachii 
and the e.irlii st (ianoids. flie i horda is 
Lom|i!elely lel.iined, .ind surrounded by 
an unsei^rmeiited slie.itli. The two p.iirs 
of limbs are very simple fins of a primitive 


skeleton ; the cartilaj^inoiis skeleton of its 
two pairs of fins, for instance,. has still 
the orifrinal form of abi-serial or feathered 
leaf, ;ind was on that account de.scribed 
by (iet^eiibaur as a “ primitive fin- 
skeleton.” On the other hand, the 
skeleton of the pairs of fins is ^r^xitly 
reduced In the .\frican dipneust ( 
oph'rus) and the .\meilcan (/.cpido- 
sin n). Further, the lun^s are double 
in these modern dipneusts, as in all the 
other air-breathinj.j veitebrates; they 



Fig. 258. 



Fii.. ...ii) 

Fill 25S-Young CeratOdUS, shi>rtl> .iI'Ilt i.ssuiny li\>m llir 11;^;, ni.Tjfnifii'd U-n times. 4 : gill-covcr,/Uver. 

(lusitii Kiihitrii Sfmou ) 

Fill .'sg -Young ceratodus, m\ weeks .-itler issmut^ Irom the egg. i spir.il fold of gul. A rudimentary 
belli-liii. tl’roiii yC/r Simon ) 


type, like those of the lowest .Selachii. 
'riie formation of the lirain, the i^^ut, and 
tile sexual origans is .dso the same as in 
the .'selachii. 'I'lius the Dipiuaists h.i\e 
pieserved by heivditv m.m\ of the less 
advanced featuiX'S of our primitive lish- 
like ancestors, .md at the same time have 
made a threat .step forward in ad.iptation 
lo air-brealhiiyi4' by means of lunys and 
the conelative improvement of the lieart. 

Ceratodus is particularly iiilerestiny on 
account of the primitive build of its 


have on that account been i .died ” double- 
lunyed " ( l')ipiit’umoiit’s) in contrast to 
the Ceratodus ; the fitter has only a 
sinyle luny (Monopncumoncs). .At the 
s.une time tlie yills also aie developed as 
water-breathiny oryans in all these luny- 
lishes. I’roloplerus has external as well 
as internal yills. 

The paleozoic Dlpneusts that are in the 
direct line of our ancestry, and form the 
connecting-bridye between the Ganoids 
and the Amphibia, differ in many respects 
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from their livinj^ descendants, but. aij;^i-ec embryonic development of the Cer.itodus 
witli them in the above essential features, and i..epidosiren ; they i?i\e us iinportant 
This is confirmed by a number of information as to the stem-history of the 
interesting^ facts that have lately come to lower Wa-tebrales, and theretbre of our 
our l^nowledge in connection with the early ancestors of the paleoA)ic ago. 


Chapter XXII. 

OUR FIVE-TOED ANCESTORS 

With the phylofjenetic study of the four ’ classes of Vertebrates. Hut even the 
hijijher classes of Vertebrates, which must exlstinj.^ .\inphibia ha\e sncli iinporlant 
now enf(aj.;;e our attention, we reach much relations to ns in their anatomic structure, 
firmer j>round and more li^ht in the con- and especially their i inbiaonic develop- 
struction of our Renealo^)'th.in we h.i\e, luenl, th.it we m.i\ s.iv : Between the 
perhaps, enjoyed up to the present. In nipneusts and 1 he .Amniotes there w;is ;i 
the first pi,ace, we owe a number of very series of extinct intermediate forms 
valuable dat.i to the very interestiii}^ class which wi* should cert.linh'class with the 
of VertebiMtes that come next to the ,\mphibi.a if vvi- h.id them bifore us. Jn 
Dipneusts and have been developed fiom their whole or^.inis.ition even the actual 
them— the .Xmphibia. T'o this ^roiip .Amphibia si-em to be an instructive 
belong the salamander, the froi;', .and the transitional r^roup. In the important 
toad. In earlier days .ill the reptiles lespects of ri'spir.uion and ciiculation 
were, on the example of l.inne, cl.issed thev appro.u h very closely to the 
with the Amphibia (li/ards, serpents, J)ipneusta, thoui.vh in olher respects lliey 
crocodiles, and tortoises). lint the are f.ir superior to them, 
reptiles aie much more adv.inced than the This is particularly true of the develop- 
Amphibia, and are nearer to the birds in ment of their limbs or extremities. In 
the chief points of their structure. The them we find these for the first time as 
true Amphibia are nearer to the Dipneusta five-toed feet. T'he thorough investii^a- 
and the fi.shes ; they are also much older tions of (ie^^eiibaur have shown that the 
than the reptiles. There were plenty of; fish’s fins, of whiih veiy erroneous 
4 li}.;hly-developed (and sometimes larj.re) opinions wi-re fornualy held, are ni.any- 
Ainphibia durini^ the C arboniferous 1 toed feel. 'I'he various car tila^inous or 
period ; but the earliest reptiles .are only j bonyradiith.il are found in Iai7,''e numbers 
found in the I’ermian period. It is 1 in each fin correspond to the fiiif^ers or 
probable that the Amphibia were evolved | toes of the hi}j;Iier VTulebrates. The 
even earlier—durini^ the Dev'onian period i sev’eral joints of each fin-radius correspond 
—from the Dipneusta. The extinct i to the various parts of the toe. I'iven in 
Amphibia of which we have fossil remains the Dipneusta the fin is of the s.ame 
from that remote period (very numerous . construction as in the fishes; it was 
“specially in the Tri.issic strata) were * afterwards ^r.idually evolved into the 
distinj»'uished for .1 t^raceful scaly'coat or a | fiv’e-toed form, which we first encounter 
powerful bony.armour on the skin (like the ; in the .Xmphibi.i. 'I'his reduction of the 
crocodile), where.as the living amphibia number of the toes to six, and (hen to 
have usually a smooth and slippery skin. five, probably took place in the second 
The earliest of these armoured half of the Dev oni.in period—at the latest, 
Amphibia ( Phractamphihia) form the! in the subsequent Carboniferous period- 
order of Steffoccphala (“roof-headed”) in those Dipneusta which we regard .as 
(Fig. 260). It is among these, and not the ancestors of the Amphibia. We have 
among the actual Amphibia, that we scveralTossil remains of five-toed Amphibia 
must look for the forms that are directly from this period. There are numbers of 
related to the genealogy of our race, and fossil impressions of them in the Tri.assic 
are tlie ancestors of the three higher | of Thuringia 
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The (acl that the Iocs number five is of is wolJ known that this hereditary number 
f^Tcat importance*, because* the)' ha\'e of tlic Iocs lias assumed ^a very great 
clearly been (ransniillid from the practical importance from remote times; 
Amphibi.'i to nil the liig/icr Vertebrates, on it our whole system of enumeration 
Man entirely resembles his ,'imphibian (the decimal system applied to measure-, 



T'ih. 7 fH>.— Fossil amphibian from the Permian, found in llie Pl.iucn terrain near Dresden (Branchh- 
taurii't tiiitii/x'sivniiii ). {Vrom Cmiiii'r.) sketeton ot .a young larva. larv.'i, restored, witli gills, Cthe 
idult forni, n.itui.d 


ancestors in this respect, and indeed in luent of time, mass, weight, etc.) is based, 
the whole structure c. the bony skeleton There is absolutely no reason why there 
of his five-toed extremities. A careful should be five toes in the fore and hind 
comparison t>f the skeleton of the frog feet in the lowest Amphibia, the reptiles, 
with our own is enough to show this. It and the higher Vertebrates, unless we 
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ascribe it to inheritance from a coiTimon 
stem-form. •Heredity alone can explain 
it. It is true that we find less than five 
toes in many of the Amphibia and of the 
hiffher Vertebrates. But in all these 
cases we can prove that some of the toes 
atrophied, and were in time lost altoi^elher. 

The causes of this evolution of the five¬ 
toed foot from the man\-toed fin in the 
amphibian ancestor must be souj^lit in 
adaptation tollie entire change of function 
that the limbs experienced in passinf^^ 
from an exclusively aquatic to a partIV 
terrestrial life. The many-toed tin had 
been used almost solely for motion in the 
water ; it had now also to support the 
body in creepinjf on the stjlid j^round. 
This led to a modification both of the 
skeleton and the muscles of the limbs. 
The number of the lin-radii was j^radually 
rediu'ed, and sank finally to five*. But 
these fi\e remaining radii became much 
stronj^aT. The soft c.artilaj^inous radii 
became bony rods. The rest of (he 
skeleton was similarly strenjjthened. 
Thus from the one-armed lever of (he 
many-toed fish-fin .ari'se .the improvc'd 
mail}-armed lever system of the livc*-toed 
amphibian limbs. The movements of 
the body ^ainc'd in variety ;is well as in 
strens’th. The various parts of the 
skeletal system and correlated muscular 
.system bej^'an to differentiate more and 
more. In view of the close correlation of 
the muscular and nervous systems, this 
also made j^reat advance in structure and 
function. Hence we find, as a matter of 
fact, that the brain is much more 
developed in the hif^hcr Amphibia than in 
the Gslies, the Dlpneusta, and the lower 
Amphibia. 

The first advance in orfj^anisation that 
was occasioned by the adoption of life on 
land was naturally the construction of an 
orf^an for breathing’ air-—a lung. This 
was formed directly from the floating- 
bladder inherited from the fishes. At first 
its function was insignificant beside that 
of the gills, the older organ for water- 
respiration. Hence we find in the lowest 
Amphibia, the gilled Amphibia, that, like 
the Dipneusta, they pass the greater part 
of their life in the water, and bre.athe 
water through gills. 'I'hey only come to 
the surface at brief intervals, or creep on 
to the land, and then breathe air by their 
lungs. But some of the tailed Amphibia 
—■the safamanders—remain entirely in 
the water when they are young, and 
afterw'ards spend most of their time, on 


land. In the adult state they only breathe 
air through lungs. The s^'me applies to 
the most advanced of the Amphibia, the 
Batrachia (frogs and to.ads) ; some of 
them have entirely lost the gilBbearing 
larva form.' This is also (he case with 
certain small, serpentine Amphibia, the 
(\pcilia (which live in the gr^^'-.nd like 
earth-worms). 

Theyreat interest of the natural history 
of (lie .‘\mphibia consists especially in 
their intermediate position between the 
lower and hif^her Vertebrates. The lower 
Amphibia approach very closely to thy 



Fro. 2f>t.— Larva of the Spotted Salamander 
( Salamandra manilata M*cn from tlii; ventral side. 
In the centre a yelk-s.ie still h.ini's from the jfut. The 
external Kills are Kraeelnlly ramified. The two pairs 
of Icps are still very sm.-ill. 

Dipneusta in their whole organisation, 
live mainly in the waiter, and breathe by 
gills ; but the higher .Amphibia are just 
as close to the Amniotes, live mainly on 
land, and breathe by lungs. But in their 
younger state the latter resemble the 
former, and only reach the higher stage 
by a complete metamorphosis. The 
embryonic development of most of the 

* The tree-frogf of Martinique (Hylodes tnartmicensis) 
loses the gills on the seventh, and the tail and yellt-sac 
on the d.iy of fceUit life. On the ninth or tenth 

day alter ftt.iind;ition the frog emerges from the egg. 
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hig'herAmpIiibia still f.iitlifully reproduces We find the larvas of the froff (or tad- 
the stem-history of the whole class, and poles’, Gyrini) in jjreat numbers in our 
the various sta^>"es of the advance that ponds every sprinff in this fish-form, 
was made by the lower Vertebrates in usiiif^ their muscular tails in swimming’, 
passing ^rom aquatic to terrestrial life just lihe the fishes and young Ascidia. 
during the Devonian or the Carboniferous When thev have reached a certain size, 


period are repeated in the spring by every 
frog that dev elopes from an egg in our 
ponds. 

The common frog leaves the egg in the 
shape of a larva, like the tailed salamander 
(Fig. 2()i), and this is altogether dilTercnt 



Fir.. 2()2.-Larva of the common grass-fro(f 
C Kana iemporana ), i>r " m iiunith, h a pair 

ot Mirkors fur fasti-iiinf; on to stones, ti skin-folJ from 
which the gilt-eoNcr Je\elopes , hehiml it the ^rill-cletts, 
from which tlie hr.iiiciniig gill.s (k) prolrmle, s t.iil- 
inuscles, f cut.ineons fni-lrinm- ot the tall. 

from the mature frog (Fig. 262). The 
short trunk ends in a long tail, with the 
form and structure of ;t fish’s tail (s). 
There are no limbs at first. The respira¬ 
tion is exclusively branchial, first through 
external (k) and then internal gills. In 
harmony with this the heart has the same 
structure as in the fi.sh, and consists of 
two .sections- an atrium that receives the 
venous blood froin,the body, and a ventricle 
that forces it through the arteries into the 
gills. 


the remarkable metamorphosis from the 
fish-forin tt> the frog begins. A blind sac 
grows out t)f the gullet, and expands into 
a couple of spacious sacs : these arc the 
lungs. The simple chamber of the'heart 
is divided into two .seitions by the 
development of a partition, and there are 
at the s.ime time considerable changes in 
the structure of the chief arteries. 
Previouslv all the blood went from the 
auricle through the aortic arches into the 
gills, but now only part of it goes to the 
gills, the other part p.-i^sing to the lungs 
throiig^ii the new-formed pulmonary 
artery. From this point arteri.tl blood 
returns to the left .uiricle of the heart, 
while the venous blood gatheis in the 
right auricle. ,\s both auricles open into 
a single venti icie, this contains mixed 
blood. The dipneust form has now 
succeeded tv> the fish-form. In the 
further course of the metamorphosis the 
gills and the br.inchial vessels entirely 
disappear, and the respiration becomes 
exclusivelv pulmonary. Later, the long 
swimming tail is lost, and the fiog now 
hops to the land with the legs that hav’^e 
grown meantime. 

This rem.'irkable metamorphosis of the 
.\mphibia is very instructive in connection 
with our human genealog)-, and is particu¬ 
larly interesting from the fact that the 
various groups of actu.il Ainphilvia have 
remained at diffeieni slaga's of their stem- 
history, in harmony with the biogenetic 
law. We have first of all :i very low 
order of .Amphibia - the So::obmnchia 
(“ gilled-amphibia ”), which retain their 
gills throughout life, like the fishes. In a 
second order of the salamaijiders the gill.s 
aie lost in the metamorphosis, and when 
fully grown they have only pulmonary 
respir.itioii. Some of the tailed .Amphibia 
still ret.iin the gill-clefts in the side ol the 
neck, though they have lost the gills 
themselves ( Mcnoponia). If we force the 
larvie of our salamanders (Fig. 261) and 
tritons to remain in the water, and 
prevent them from reaching the land, W'e 
can in favourable circumstances make 
them retain their gills. In this fi.sh-like 
condition they reach sexual maturity, and 
remain throughout life at the lower stage 
of the gilled .Amphibia. 
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We have the reverse of this experlinent 
in a Mexican frilled salamander, the fish¬ 
like axolotl (Siredon pisciformis). It 
was formerl)’ reg'arded as a permanent 
jrilled amphibian persistinjj throughout 
life at the fish-stage. Rut some of the 
hundreds 9f these animals tiiat are kept 
in the Kotanical Garden at Paris got on 
to the land for some reason la- other, lost 
their gills, and changed into a form 
closely resembling (he salamander ( Am- 
blyslonia). Other species of the genus 
became sexually mature for the first lime 
in this condition. This has been reg.irded 
as an astounding phenomenon, although 
every common frog and salam.inder 
repeals the met.imorphosis in the spring. 
The whole ch.inge from the .u|u;ilic and 
gill-breathing animal to the lerieslri.il 
lung-breathing form may be followed 
step by step in this case. Rut what we 


Their ancestors also hjid long tails find 
gills like the gilled Amphibia, as the tail 
.and the gill-arches of the human emhiao 
clearly show. . 

For compar.alive anatomical smd ontiv 
genetic reasons, we must not seek these 
.amphibian ancestors of ours- -.as one 
would be inclined to do, perhaps- among 
the tail-less Ratrachi.a, but among the 
tailed lower .\mphibia. 

The\ertebrale form th.it comes next to 
the .\mphibi.i in the series of our ancestors 
is .1 li/.ird-Iike auim.al, the earlier exis¬ 
tence of which can be conlidenll) deduced 
from the f.icts of comparati\e anatomy 
and ontogeny. The living llatleria 
of New Ze.aland (h'ig. .and the ex¬ 

tinct RhYiHiHi'phala of the I’erinian period 
(h'i.g. ^05) are closely rel.ited to this im¬ 
portant slem-lorm ; we in.iv c.ill them 
the Prutaniniulcs, or Primitive .Imniotes. 



Fk. -Fossil mailed amphibian, tnim Uii-noliciniai C.iilnmifi-riHis (From h.) Tlic 

sciily (.oat is rpl.iiiied on tlic- left 


see herein f he de\elopment of the indi¬ 
vidual has happened to the whole class , 
in the course of its stem-history. 

The metamorphosis goes farther in a 
third order of Amphibi.a, the fiatrachia 
or Anufti, than in the sal.am.ander. To , 
this belong the various kinds of toads, , 
ringed sn.akes, water-frogs, tree-frogs, , 
etc. These lose, not only the gills, but i 
also (sooner or l.il’er) the tail, during ; 
met.amorphosis. j 

The ontogenetic loss of the gills and 
the t.ail in the frog and to.ad c.an only be 
explained on the .assumption that they 
are descended from long-l.ailed .Amphibia 
of the s-alam.ander type. This is also 
cle.ar from the companitive an.atomy of ^ 
the two groups. This remark.able meta- | 
morphosis is, however, also interesting ' 
because it throws a certain light on the j 
phylogeny of the tail-less apes and man. j 


.\11 the V'ertebrates .above the Amphibia 
or the three classes of reptiles, birds, 
and mammals differ so much in their 
whole org.anisation from all the lower 
Vertebrates we h.ave yet considered, and 
have so great .a resemblance to each 
other, that we put them all together in a 
single group with the title of Amniofes. 
In these three classes alone we find the 
remark.able embrvonii' mernbr.ane, alre.idy 
mentioned, which we called the amnion ; 
•a ceiiogenetic .adapt.ilion that we m.ay 
regard as a result ot the sinking of the 
growing embryo into the 3elk-s,ac. 

All the .Amnioles knovvai tt) us .all 
reptiles, birds, and mammals (including 
man) agree in so many important points 
of intern.al structure and development 
that their descent from a common ances¬ 
tor can be .afTinned with tolerable cer¬ 
tainty. If the evidence of comparative 
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anatomy and onto^^cny is ever entirely 
beyond suspicion, it is certainly the case 
here. All the peculiarities that accom- 
pajjiy and follow the formation of the 
amnion, and that we have learned in our 
consideration of human embryology ; all 
the peculiarities in the develt)pinent of 
the off^ans whicli we will presently follow 
in detail ; finally, all the principal special 
features of the internal structure of the 
full-jrrown Ainniotes prove so clearly the 
common orij^in of all the Amniotes from 
a sinf^le extinct stem-form that it is difli- 
cult to entertain the idea of their evolu¬ 
tion from several independent stems. 
This unknown common stem-form is our 
I’rimilive Amniole (Prohimnion). In 
outward appearance it was probably some- 
thinjj^ between the salamander and the 
lizard. 

It is very probfible that some part of 
the Permian period w.'is the ;i^e of the 
orig'in of the Protamniotes. This follows 
from the fact that the Amphibia are not 
fully developed until the Carboniferous 
period, and that the tirst fossil reptiles 
(J\ila'hattc 7 'i(iy /Iotna’osaii>tis, J^mtero- 
saurus) are found towards the close of 
the Permian period. Anionic the im¬ 
portant changes of the vertelirale organi¬ 
sation that mark<ed the rise of the lirst 
Amniotes from salamandrine Amphibhi 
during this period the following three are 
especially noteworthy: the entire disap¬ 
pearance of the water-breathing gills and 
the conversion of the gill-arches into other 
organs, the formation of the allantois or 
primitive urinary, sac, ;uid the develop¬ 
ment of the amnion. 

One of the most salient characteristics 
of the Amniotes is the complete loss of the 
gills. All Amniotes, even if living in water 
(such as sea-serpents and ’whales), breathe 
air through lungs, never water through 
gills. All the Amphibia (with very rare 
exceptions) retain their gills for some 
time when young, .and ha\e for a time (if 
not perm.anenlly) branchial respiration ; 
but after these there is no question of 
hranchi.al respiration. The Protamniote 
itself must ha\e entirely abandoned water- 
breathing. Nevertheless, the gill-arches 
are present’d by heredity, .and develop 
into totally different (in part rudimentary) 
organs—various parts of the bone of the 
tongue, the frame of the jaws, the organ 
of hearing, etc. Hut we do not find in 
the embryos of the Amniotes any trace 
of gill-leaves, or of real respiratory organs 
on the gill-arches. 


With this complete abandomiient of the 
gills is probably connected the formation 
of another organ, to which we - have 
already referred in embryology—namely, 
the allantois or primitive urinary sac 
(cf. p. 166). It is very probable that the 
urinary bladder of the Dipneusts is the 
first structure of the allantois* We find 
in these a urinary bladder that proceeds 
from the lower wall of the hind end of the 
gut, and ser\es as receptacle for the 
renid secretions. This organ has been 
transmitted to the Amphibia, as we can 
see in the frog. , 

The formation of the amnion and 'the 
allantois and the complete disappearance 
of the gills are the chief characteristics 
that distinguish the Amniotes from the 
lower Vertebrates we have hitherto caip- 
sidered. To these we may add several 
subordinate features that are transmitted 
to all the Amniotes, and are found in- 
these only. One striking embryonic 
character of the .Amniotes is the great 
cuia’i if the head and neck in the embryo. 
We ’.h ' find an advance in the structure 
of se> 1^1 of the internal organs of the 
Amniotes which raises them above the 
highest of the anamni.a. In piirticular, 
a partition is formed in the simple 
ventricle of the heart, dividing into right 
and left ch.'imbers. In connection with 
the complete metamorphosis of the gill- 
arches we find a further develojiment of 
the .'luscultory organs. Also, there is a 
great ad\ance in the structure of the 
brain, skeleton, muscular .system, and 
other parts. Finally, one of the most 
important changes is the reconstruction 
of the kidneys. In all the earlier Verte¬ 
brates we have found the primitive 
kidneys as excretory organs, and these 
.appear at an early stage in the embryos 
of all the higher Vertebnites up to man. 
Hut in the Amniotes these primitive 
kidneys cease to .act at an early stage of 
embryonic life, and their function is taken 
up by the permanent or sect>nd.ary kidneys, 
which de\elop from the terminal section 
of the prorenal ducts. 

Taking all these peculi.arilies of the 
.Amniotes ti>gether, it is impossible to 
doubt that .all the .animals of this group— 
all reptiles, birds, and mammal-s—have a 
common origin, and form a single blood- 
related stem. Our own race belongs to 
this stem. Man is, in every feature of 
his organisation and embryonic develop¬ 
ment, .a true Amniote, and has descends 
from the Protamniote witli all the other 
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Amniotes.ji Though they ap^ared at the and only comes in contact with the 
end (possioly et'en in the middle) of the ' Mamnials at its root, is the combined 
Paleozoic age, the Amniotes only reached group of the a'ptiles and birds; these two 
their full development during^thc'Mesozoic , classes may, with Huxley, K-conveniently 
age. The birds and manimals made grouped together as the Sauropsuia. 
their first appearance during this period. Their common stem-form is an extinct 
Even the reptiles show their greatest j lizard-like reptile of the order of the 
growth af this lime, so that it is called Rhyncocephalia. Fioni this have been 
“the reptile age.” The extinct Prolam- j developed in various directions the ser- 
niote, the ancestor of the whole group, penis, crocodiles, tortoises, etc.—in a 



Fig_. 264.— The lizard (Hatteria fiunrtafa=^Sfhenodon funrtahis) of New Zealand. The sole surviving; 
proreptile. (From Hrehm.) 


belongs in its wdiole organisation to the , word, all the members of the reptile class, 
reptile class. j But the remarkable class of the birds has 

The genealogical tree of the amniote ; also been evolved directly from a branch 
group is clearly indicated in its chief j of the reptile group, as is now established 
lines by their paleontology, comparative j beyond question. The embryos of the 
anatomy, and ontogeny. The group ; reptiles and birds are identical until a 
succeeding the Protamniote divided into | very late stage, and have an astonishing 
two branches. The branch that will | resemblance even later. Their whole 
claim our whole interest is the class of structure agrees so much that no anato- 
the Mammals. The other branch, which j mist now questions the descent of the 
developed in a totally different direction, 1 birds from the reptiles. On the other 
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hand, the mammal line has descended 
from the group of (he *Sauromammalia, 
a different branch of (he IVoreplilia. I( 
is connected a( its deepest roots with the 
reptile line, but it then diverges com¬ 
pletely from it and iollows a distinctive 
development. Man is the highest out¬ 
come c)f this class, (he “crown of crea¬ 
tion.” 'rhe hypothesis that the three 
higher Vertebr.ite classes represent a 
single .\mniote-steni, and that (he 
c:ommon root of this stem is to be found 
in the amphibian class, is now generally 
admitted. 

The instructive group of the Permian 
Tocosauria, the common root from wliich 
the divergent stems of the .Sauropsids 
and mammals have issued, nn-rils our 
particular attention as the stem-group of 
all the Amniotes. h'orlunately a living 
representative of this evtinct ancestral 


265), of which well-prescrvcd( skeletons 
are found in the .Solenhofcn schists, is 
perhaps still more closely related to them. 

Unfortunately, the numerous fossil 
remains of Permian and Triassic Toco- 
s.-iuria that we have found in the last two 
decades are, for the most part, very im¬ 
perfectly preserved. Very often we can * 
make o/ily precarious inferences from 
these skeletal fragments as to the ana¬ 
tomic characters of the scTt parts that 
went with the bony skeleton of the extinct 
Tocosauria. Hence it has not yet been 
possible to arrange these important fos.sils 
with any confidencein the ancestral series 
that descend from the Protanmiotes to 
the .Sauropsids on the one side and fJie 
Mammals on the other. Opinions are 
particularly divided :is to the place in 
cl.issilication and the phylogenetit signi- 
licance of the remark.ible Thcromorpha. 



FivJ X>5 —HomOBOSaurus pulchellus, a Jurassic pran'ptilo from Kchlhcim. {From 


group has been preserved to our day; 
tills is the remarkable lizard of New 
Zealand, Haftrna punctata (Fig. 264). 
Fxternaily it dilTers little from the ordinary 
lizard ; but in many important points of ^ 
internal structure, especially in the primi- j 
tive construction of the vertebral column, ' 
the skull, and the limbs, it occupies a j 
much lower position, and approaches its j 
amphibian* ancestors, the Stegocephala. 1 
Hence Hatteria is the phylogenelically 
oldest of all living reptiles, an isolated 
survivor from the Permian period, closely : 
re.sembling the common ancestor of the ! 
Amniotes. It must dilfer so little from \ 
this extinct form, our hypothetical Prot- 
aniniote, (hat we put it next to the | 
Proreptilia. The remarkable Permian i 
Pala'hattcria, that Credner discovered in 1 
(he Plauon terrain at Dresden in 18S8, | 
belongs to the same group (Fig. 2b<)). 
The Jurassic genus Ilotmvosaunts (Fig. 


Cope gives (his name to a very interesting 
and extensive group of extinct terrestrial 
reptiles, of which we have only fossil 
remains from (he Permi.in and Triassic 
strata. Forty tears ago some of these 
Therosauria (fresh-water animals) were 
described by Ovwn as Anomoiiontia. Put 
during the last twenty years the distin¬ 
guished .Americ.in paleontologists, Cope 
and Osborn, have greatly increased our 
knowledge of them, and have claimed 
that the stem-forms of the Mammals 
must be sought in, this order. As a 
matter of fact, the Theroniorpha are 
nearer to the Mammals in the chief points 
of structure than any other reptiles. This 
is especially true of the Thereodontia, to 
which the Purcosauria and Pelycosauria 
belong (Fig. 267). The whole structure 
of their pelvis and hind-feet has attained 
(he same form as in the Monotremes, the 
lowest Mammals. The formation of the 
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scapula arj^ the quadrate bone shows an 
approach to the Mammals such as \vc 
find in no other of teptiles. Tlie 

teeth also are already divided into incisors, 
canines, and molars. Nevertheless, it is 
very doubtful wliether the Theromorpha 
really arc in the ancestral line of the 
Sauromammals, or lead direct from the 
Tocosauria to the earliest Mammals. 
Other experts on this jt^roup believe that 
It is an independent lefjfion of the teptiles, 
connected, perhaps, at its lowest root, 
with the Sriuiomanmials, hut developed 
quite independently of the Mammals 
though parallel to them in many ways. 

One of the most important t>f the 
zoolof^ical facts that vve rely on in ttur 
inveslij^ation of the ^enealot:fV of the 
human race is the position of man 
in the Mammal class. lli>\\e\er 
ditferent the \ iews of /oolof^^ists 
may ha\e been as to this position 
in detail, and as to his i\-lations 
to the apes, no scientist has e\er 
doubted that m.m is a true mam¬ 
mal in his whole ori,^'mis.•^tlon and 
development, lannedrew atten¬ 
tion to this fact in the first edition 
of his famous Sys/i /niJ Nii/t/rw 
(17^5). As will be .seen in any 
museum of anatoms or any 
manual c)r comparative anatomy, 
the human frame has all the 
char.icterislics that aie common 
to the Mammals and disiini^uish 
them conspicuously from all other 
animals. 

If wc examine this undoubted 
fact from the point of \iew of 
phylofjeny, in the iij»ht of the 
theory of descent, it follows at 
once that man Is t)f a common 
stem with all the other Mammals, and 
comes from the same root as they. Isut 
thevarlous features Inwhich the Mammals 
agree and by which they are distinguished 
are of such a chai'acter ns to make a 
polyphyletic hypothesis quite inadmis¬ 
sible. It is impossible to entertain the idea 
that all the living and extinct Mammals 
come Irom a number of separate roots. 
If we accept the general theory of evolu- j 
tion, we are bound to admit the mono- 
phyletic hypothesis of the descent of all 
the Mammals (including man) fi'om a 
single mammalian stem-form. We may 
call this long extinct root-form and its 
earliest descendants (a few genera of one 
family) “ primitive mammals ” or “ stein- 
manimals ” ('Promammalia). As we 


have already seen, this root-form deve¬ 
loped from the fltimitive Proreptile stem 
in a totally dilTerent diivclion IVom the 
birds, and soon separated from the main 
stem of the reptiles. The dilTercnces 
between the Mammals and the reptiles 
and bir ds are so important and character¬ 
istic that we can as'-ume with complete 
confidence this divisioir of the verlebr’ate 
stem at the commencement of the develop¬ 
ment of the Amniotes. The reptiles 
and birds, whir it we group together as 
the Saiiropsids, gener.illy agree in the 
characteristic structure of the skull and 
bt.iin, and this is not.ibly dilTerent from 
that of the Mammals. In most of the 
reptiles and birds the skull is connected 
with the first cervical vertebra (the alias) 


by a single, and in the Mnmm.als (and 
Amphibia) by a double, condyle at the 
back of the head. In the iormer the 
lower jaw is composed of several pieces, 
and connected with the skull sc) that it 
can move by a special maxillary bone 
(the qnadratum) ; in the .Mammals the 
low'er jaw consists of one pair of bony 
pieces, w'hich articulate directly w’ith the 
temporal bone. Further, in the ^auropsids 
the skin is clothed w'ith .scales or feathers; 
in the Mammals with hair. The red 
blood-cells of the former have a nucleus ; 
those of the latter have not. In fine, two 
quite characteristic: features of the Mam¬ 
mals, which distinguish them not only 
from the birds and reptiles, but from all 
other animals, are the possession of a 



Fu.. .iCiC). Skull of a Permian lizard ( PnUrhntirria /»«- 

fri( auifafii). (From f ) 11 Fool-, // Iront.il hoiu-, 

/ lai:lir\m.il hone,/o pt)sti)rl>it.'il hone, sv/ eoveniifj hone, i cheek- 
hone, t'o somer, tnt inter-ni:ixill,irj . 
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GonijifQtc ditfphrafim and of mammary 
gianUs., dia^.*protlucc tlio milk for iho 
nutrition 01 ihc yoim}^.. U is only in tlie 
JVIalnillals that the di:ip^af;m lorms a 
^transverse partition of lljc bodj-cavity, 
(Completely separatinj^ the pectoral from 
,the abdominal ca%ity. It is only in the 
■*ma>nmals that *lhe mother sutkles its 
J'oung, and this lijjfhtly i^iv-es the name 
fo fhe whole class {mamma - breast). 

From these pref^n.int fact of compara¬ 
tive anatomy and onloj^r^ny it follows 
absolutely that the whole of the Mammals 
bcl6ng to a sin^^le natural stem, which 


and the brain ; (2) the development of a 
hairy coat; (3) the complete formation of 
the diaphragm ; and (4) the construction 
of the mammary glands and adaptation 
to suckling. Other important changes 
of structure proceeded step by step with 
these. 

The epoch at which these important 
advances were made, and the foundation 
of the Mammal class was laid, may be 
put with great probability in the first 
section of the Mesozt>ic or secondary age 
— the Triassic period. The oldest fossil 
remains of mammals that we know W'ere 
found in strata that belong to the 



earliest Triassic period - theupper 
Keuper. One of the earliest forms 
is the genus Dromathcriiim, from 
the North AmericanTriassic(Fig. 
2f)S). Their teeth still strikingly 
recall those of the Pelycosauriu. 
Hence we may assume that this 
small and probably insectivorous 
mamm.'d belonged to the stem- 
group of the I’romammals. We 
do not find any positive trace of 
the third and most advanced 
division of the Mammals —the 
I’lacentals. These (including 
man) arc much younger, jind we 
do not find indisputable fossil 
remains of them until the Ceno- 
zoic iige, or the Tertiary period. 
This paleontok>gical fact is very 
important, because it fully har¬ 
monises with the evolutionary 
succession of the Mammal orders 
that is deduced from their com- 
parati\’e anatomy and ontogeny. 

The latter science teaches us 


Fii;. Jfy?.- Skull of a Triassic theromqrphuin rpv//f so;/, 'KS that the whole Mammal class 

fiianicrfis), from the Karoo tormation in South Afriu-i. (From divides illtO three main ifrOUPS 

OwfH.) a from the riKht, '■ ‘-.*'-.■' --1 

tooth. N nostrils, A’.t 
frontal. frontal bone, . 
eye, Jio joint .at hack of lu 

also represent three important 
branched off at :in early d.ite from the stage.s in our human genealogy, w’ere 
reptile-root. It follows furlher with the first distinguished in i8ib by the eminent 
same alrsolute certainty that the human French zoologist, Blainville, and received 
race is also a branch of this stem. Man the names of Orniihodclphia, Didel- 
shares all the characteristics I hjive phia^ .and Monodi’Iphia, according to 


ti.'isal bom, J/a* upper jaw, /V/* pn*- i'T SUn-clrlSSC*S, wllRIl C 01 respond 

■i cvL-piis, .s loinpic-piis, Pa ranoi.il to three succcssive phylogenetic 
■ail, /V ptirjtfoid-honc, /t/rf h>wtr j,iw. stau'es. These threestaires. which 


described with all the Mammals, and the construction of the female organs 


difl'ers in them from all other animals. = uterus or womb). Hu.vley 

.'finally, from these facts we deduce with afterwards gave them the names of 
the same confidence those advances in the Pivtdihcria, Mflatheria, and Epitheria. 


vertebrate organisation by which one Hut the three sub-clas.ses differ so 
branch of the Sauromammals was con- widely from each other, not only in the 


verted into the stem-form of the Mamnial.s. construction of the .sexual organs, but 
Of these advances the chief were : (i')The j in many other respects al.so, that we 
characteristic modification of the skull } may confidently draw up the following 
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impi>rtanLphylogc'netictlK'#.is : The Mono- 
delphia or naccntals descend from tiie 
Didelphia or Marsupials ; and tlie latter, 
in turn, arc descended from the Mono- 
tremes or Ornithodelphia. 

Thus we must regard as the tvvenlv- 
first stage in our genealogical tree the 
earliest and lowest chief group of the 
Mammals—the sub-class of the Mono- 
tremes(“ cloaca-animals,’’Ornithodelpliia, 
or Prototheria, Kigs. 20c) and 270). 'Phey 
take their name from the cloaca which 
the^' share with all the lower V\>rtebrates. 
This cloaca is the common outlet for the 
passage of the excrements, the urine, 
and the sexual products. The urinary 
ducts and sexual canals open into the 
hindmost part of the gut, while in all tlie 
other Mammals they arc separated from 
the rectum and anus. The latter have a 
special uro-genital outlet (porus nruin'ni- 
talis). The bladder also opens into tlie 
cloaca in the Monotremes, and, indeed, 
apart from the two urinary ducts ; in all 
the other Mammals the latter open directly 
into the bladder. It was proved b) 
Haackc and Caldwell in 1SS4 that the 
Monotremes lay large eggs like the 
reptiles, while all the other Mammals 
are viviparous. In 181)4 Richard .Semon 
further proved that these large eggs, 
rich in food-yelk, have a partial segmen¬ 
tation and discoid gastrulation, as 1 had 
hypothetically assumed in 1879; here 
again they resemble their reptilian 
ancestors. The construction of the 
mammary gland is also peculiar in the 
Monotremes. In them the glands have 
no teats for the young animal to suck, 
but there is a special part of the breast 
pierced . with holes like a sieve, from 
which the milk issues, and the young 
Monotreme must lick it olf. Further, 
the brain of the Monotremes is \ery little 
advanced. It is feebler than th.at of any 
of the other Mammals. The fore-brain 
or cerebrum, in particular, is so small 
that it does not cover lhe> cerebellum. In 
the skeleton (Fig. 270) the formation of 
the scapula among other parts is curious; 
it is quite dilferent fronr that of the other 
Mammals, and rather agrees with that 
of the reptiles and Amphibia. Like these, 
the Monotremes have a strongly deve¬ 
loped caracoideum. From these and 
other less . prominent characteristics it 
follows absolutely that the Monotremes 
occupy the lowest place among the 
Mammals, and represent a transitional 
group between the Tocusauria and the 
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rest of the Mammals. .\I 1 thdse rcufarli- 
ablc reptilian ch.aracters musi* ijaw.boen 
possessed by the slem-fpun of the whole 
m.unnial class, the I’romamm.il ot the _ 
Tri.issic period, and ha\e been inherited 
from the Froieptiles. ■ I 

During the Tri.issic jind Juiassic . 
periods the sub-clas.s of the Monolrcfties 
w as represented by a number of differeivt T 
stem-mamni.ils. Nunierous fossil remains 
of them have l.iteh been discovered in the 
Meso/oic strata of lunope, .'\frica, anil . 
.\merica. To-day then* are only two 
siuwiving specimens of the group, whii'h 
we pi.ice together in the iamily of the 
duck-bills, Oniithnslonm. 'I'lie)’ are con- 
lined to .Australia .and the neighbouring 
island of VAui Diemen’s Land (or 
Tasm.ini.i) ; they become scarier every 
year, .and will soon, like their blood- 
relatixes, be lounted among the extinct 
animals. One form lives in the rivers. 



laij. —Lower Jaw of a Primitive Mammal 
or Vrom?imTnB\ ( fhoiHiitJtri mtn nlvi-sli'r tliv 

.Vorlti AiiuTiciiB t'n.issu / iiii-isois, < ('.hiiik'. /> pu'- 
iiuil.irs, m inolarii. (Fnun /)uiierl<‘in ) 

and builds subterraneous dwellings on 
the banks ; this is the' Omithorhvttcns 
paradoxus, with w'cbbed feel, a thick soft 
fur, .and bro.ad Hat jaws, which look veiy 
much like the bill of a duck (Figs. 261), 
270). 'File other form, the land duck¬ 
bill, or spiny ant-eater ( Eihidna 
hysi)i\ j, is very much like the ant- 
eaters in its habits and the peculuir 
const ruction ol its thin snout and 
\eiy long tonf.;ue ; it is covered with 
nei-dles, and can roll itsc*lf up like a 
hedgehog. -A logn.ate form ( /’arechidua 
liniyni ) has l.itely been found in New 
(jiiinea. 

These modern Ornithostoma .are the 
scattered survivors of the vast Meso/oic 
group of Monotremes ; hence thev have 
the same interest in connection with the 
stcan historv of the Mammals as the living 
stem-ieptiles (llatUria) for that of the 
leptiles, and the isolated Acrania (Am- 
phiuxus) for the phylogeiiy of the Verte¬ 
brate stem. 

The Australian duck-bills are distin¬ 
guished externally by a toothless bird- 
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like beak or snout. Tliis abseiiee of real ] 
bony teeth is a lale result of aclaptrition, 
as in tile toothless I’laeentaK (EJcntti/a, 
armadillos and ant-eaters). I'he extinci 
Monotremes, (o whii h the I’roiiianimalia 
belonj^ed, must have had de\ eloped teeth, 
inherited from the reptiles. Lalelv small 
rudiments of real molars li.ive been 
discovered in the younj.; of the Ornilho- 



Fio j<K> - The Ornithorhyncus or Duck-mole. 

(Ornithoi hym H'i paiiuio \ ii\) 

rhynciis, which has horny plates in the 
jaws instead of real teeth. 

The li\inf^ Ornithostoma and the stem- 
forms of the Marsupials (or Didclphin) 
must be regarded as two widely diverg¬ 
ing; lines from the I’romammals. This 
second sub-class t^f the Mtinimals is \eiy 
interesting as a perfect intermediate 
stage between the other two. While the 


Marsupials retain a great part of the 
characteristics of the Monotremes, they 



have also acijuircd some of the chief 
features of the Placentals. Some features 
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are also peculiar to the Marsupials, such 
as the construction tif the male and 
female sexual or^^ans and the form of the 
lower jaw. The Marsupials are distiii- 
ffutshed by a peculiar liooU-likc^ bony 
process that bends from the corner of the 
lower jaw and points inw.irds. .\s most 
of the Flacentals have not this process, 
we can, with some probability, recognise 
the Marsupial from this feature alone. 
Most of the mammal rem.iins that we 
have from the Jurassic and Cretaceous 
deposits are merely lower jaws, ;ind 
most of the jaws found in the Jur.issic 
deposits at Stoneslield and I’urbecU 
have the peculiar hook-like process 
that characterises the lower jaw of the 
Marsupial. On the strength of this 
paleontological fact, we may suppose 
that they belonged to Marsupials. 
Placenlals do not seem to h.i\e existed 
at the middle of the Meso/oic age not 
until towards its cK>se (in the Cretaceous 
period). At all events, we ha\e no fossil 
remains t)f indubitable Plaientals from 
that period. 

The existing Marsupials, of which the 
plant-eating kang.iroo and the cirnivo- 
rous opc^ssum (iMg. aie the best 

known, dilTer a gmod deal in structure, 
shape, and si/e, and correspond in man) 
respects to the various orders of Placentals. 
Most of them live in Australia, and a 
small part of the .Australian and I'i.ist 
Malayan islands. 'I'here is now not a 
.single living Marsupial on the mainland 
of Kurope, Asia, or Africa. It was ver\ 
dilferent during the Meso/oic .and even 
during the (.a'iu>zoic age. I'lie sedimen¬ 
tary deposits of these periods cont.iin a 
grcfit number and variety of marsupial 
remains, sometimes of a colossal size, in 
various p.arts of the earth, and even in 
Europe. We may infer from this that 
the existing Marsupials are the remnant 
of an extensive earlier group that w.as 
distributed all over the earth. It had to 
give way in the struggle for life to the 
more pinverful Placentals during the 
Tertiary period. The sur\ivias of the 
group W'ere able to keepali\e in Australia 
and South America because the one was 
completely .separated from the other parts 
of the earth during the whole of the 
Tertiary period, and the other during the 
greater part of it. 

From the comparative anatomy and 
ontogeny of the existing Marsupials we 
may draw' very interesting conclusions 
as tt) their intermediate position between 


the earlier Monotremes and the Liter 
Placent.'ds. 'Phe defective development 
of the brain (especi.div the cerebrum), 
the possession of maisupial Kmes, .'uid 
the simple construction of the allantois 
(without ail}- pl.icenta as yet) were 
inherited by the Marsu|aals, with many 
other fe.ituies, from the Monotremes, 
.uul preserved. On the other hand, they 
have lost (he in<' ,<endent hone (rn nit oi- 
t/t'/nii) at th' ^noLikler-blade. Put we 
have a moie impoitant .idvance in the 
dis.ippearaiue of (lie cloaca ; the reclum 
and anus are separ.ited bv a p.artition 
Irom the nro-genital opening (xtnus 
unti^rni/tj/is ). Moieov ei, ail t he Marsu- 
|ii.ils have teals on the mammarv glands, 
at which (he new-born animal sinks. 
I'he (eats pass into (he lavitv of a pouch 
or pocket on the ventral side of the 
mother, .and this is suppoiteil bv a couple 
of marsu|iial boiu‘s. 'The voung .ire boi n 
in a veiy imperfect condition, and carried 



y'n. 271 Lower .law of a Promnmmal 

f*ri^t ii\), tioiii llu Jiii'.'issn. ul tlu* la'Ki’ii sir.it.'i. 
(l^roni l/i/is// ) 


by (he mother for some time longer in 
her pouch, until they are fully developed 
(Fig. 272). In the giant kang.iroo, which 
is as tall .as ,1 man, the embrjo only 
developes for a month in (he uterus, is 
then born in :i verv imperfect sl.ate, an<.l 
finishes its growth in the mother’s pouch 
( marsiifiitnn) ; it remains in this about 
nine months, and at first hangs con¬ 
tinually on to (he teat of the mammary 
gland. 

From these .and other characteristics 
, (espeiially the peculi.ir construction of 
' the internal and external sexual organ.s 
j in m.ile and female^ it is clear that vve 
' must conceive, the whole sub-ilass of the 
i Marsupials as one stem group, w'hich 
has bi'en developed from the I’romam- 
malia. From one branch of the.se 
Marsupials (po.ssibly from more than one) 
the stem-forms of the higher M.ammals, 
the I’lacent.als, were afterw.ards evolved. 
Of the existing forms of the Marsupials, 
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which have undert^onc various raodifica- i Lemurs, were evolved directly from the 
tions through adaptation to difl'oront j opossum. We must not forget, howevea",' 
cnvironinc’nts, tlu* family of the opossums ' that the conversion of the five-toed foot 
(Didt'lphidii or J\'diiunna) seems to be into a prehensile hand is polyphyletic, 
the oldest and neatest to the common Hy the same adaptation to climbing'trees’ 
stem-l'orm of the whole class. To this, the habit of grasping their branches with 
family belone; tlie crab-eating opossum 1 the feet ha.s in many different cases 
of Brazil (hig. 272) and the opossum of' brought about that opposition of the 



Fia. *72.— The crab-eatinfr Opossum (Philamicr cancrivoms). Tlic female lias three young in the 
poueh. (1‘I'oiii y>V» 7 (w. 


Virginia, on the embiyology of which 
Selenka has gi\en us a valuable work 
(cf. Figs, 7 and 131-5)- These 
Didelphida climb trees like the apes, 
grasping the branches with their hand¬ 
shaped hind feet. We may conclude from 
this that the stem-forms of the Primates, 
which we must regard as earliest 


thumb or great toe to the other toes 
which makes the hand prehensile. We 
see this in tlie climbing lizards (chame¬ 
leon), the birds, and the tree-dwelling 
mammals of various orders. 

Some zoologists have lately advanced 
the opposite opinion, that the Marsupials 
represent a completely independent sub- 
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class of the Mammals, with no diroct 
.^elation to the Placentals, and developing^ 
independently of them from the Mono- 
trepies. But this opinion is untenable if 
We examine carefully the whole organisa¬ 
tion of the three sub-classes, and do not 
lay the chief stress on incidental features 
and secondary adaptations (such as the 


formation of the marsupium).. It is then 
clcjir that the Marsupials — viviparous; 
Mammals withi>ut placenta - are a neces¬ 
sary transition from the ovipiiroiis Mono- 
tremes to the hii^her Placentals with 
chorion-villi. In this .sense the Marsupial 
class certainly contains some of man’s 
ancestors. 


Chapter XXIII. 
OUR APE ANCESTORS 


Thk long scries of animal forms vvliich 
wc‘ must reg.'ird ;is the ;incestors ol oui 
race has been conlined within narrower 
and narrower circles as tnir phylogenetic 
inquiry has progressed. ‘ 'I'he great 
majority of known animals do not fall in 
the line t>f our ancestry, and even within 
the vertebrate stem only a small number 
are found to do so. 1 n the' most advanced 
class of the stem, the mammals, there 
are only a few families that belong 
directly to our genealogical tree. The 
most important of the.se are the apes and 
their predecessors, the half-apes, and the 
earliest I’lacentals (J'rochoriata). 

The Placentals (also called Choriatii, 
Monodelphia, Kuiheria or Kpitheria) are 
distinguished from the lower mammals 
wc have just considered, the Monotremes 
and Marsupials, by a number of striking 
peculiarities. Man has all these di.stinc- 
tive features ; that is a very significant 
fact. We may, on the ground of the 
most careful comparative - anatomical 
and ontogenetic research, formulate the 
thesis ; “ Man is in every respect a true 
Placental.” He has all the characteristics 
of structure and development that distin- 
uish the Placentals from the two lower 
ivisionsof the mammals, and, in fact, from 
all other animals. Among these charac¬ 
teristics we must especially notice the 
more advanced development of the brain. 
Tlie fore-brain or cerebrum especially is 
much more developed in them than in 
the lower animals. The corpus callosum, 
which forms a sort of wide bridge con¬ 
necting the two hemispheres of the 
cerebrum, is only fully formed in tlic 


Pl.itvnlals ; it is very l udimentary in the 
Maisupials and Monotremes. It is true 
that the lowest Plateiitals .are not far 
removed from the Marsupials in cerebral 
development; but within the placental 
group we c.in I race an unbn^ken grada¬ 
tion of progressive development «)f the 
brain, rising graduall}' frv)m this lowest 
st.ige up to the elabor.ate psychic organ 
of the apes and man. The human soul— 
a physiological function of the br.ain rs 
in reality only a more advanced ape-soul. 

The mammary glands of the Placentals 
are provided with teats like tho.se of the 
Marsupi.'ds ; hut we never find in the 
Placentals the pouch in which the latter 
carry and .suckle their young. Nor have 
they the m;irsupi<il bones in the ventral 
wall ;it the anteriv)r border of the pelvis, 
which the Marsupials have in common 
w'ith the Monotremes, and which arc 
formed by a partial ossification of the 
sinews ot the inner oblique abdominal 
muscle. There are merely a few insignifi¬ 
cant remnants of them in some of the 
Carnivora. The Phicentfils are also 
generally without the hook-shaped process 
at the angle of the lower jaw which is 
found in the Marsupials. 

However, the feature that characterises 
the Placentals above all others, and that 
has given its name to the whole sub¬ 
class, is the formation of the placenta. 
We have already considered the formation 
and significance of this remarkable 
embryonic organ w'hen we traced the 
development of the chorion and the 
allantois in the human embryo (pp. 165-q). 
The uri^^y sac or the allantois, the 
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curious vesicle that jjfiows out of the 
hind part of the i^ul, h.is essentially the 
same structure and function in the human 
embryo as in that of all the other Ani- 
niotes (c,f. Fif^s. (»). There is a quite 
secondary difference, on which };reat 
stress has wrongly been laid, in the lai t 
that in man and the hif^her apes the 
orif^inal cavity c'f the allantois quickly 
dcj4enerates, and the rudiment of it sticks 
out as a solid projection from the primitive 
ffut. The thin wall of the allantois 
consists of the same two l.iyers t)r 
memliranes as llie wall of the j^'ut the 
gut-jfland layer within and the gut-fibre 



Fit;. 373.—Foetal membranes of the human 

Ombryo (ilia^r.iiiiinntu ) tlu thick must nl.n walli>i 
llic Wtinih. phi phutnt.T |(lu’ iunci la\ii (pin ) 
wliicli jx'iictiiilos iult.> llu‘ 1‘liorion-N’illi (t Jr ) with iN 
proiosM's], #/f/luflcil, iJiJ siiUH^th t luM ii'iii f/.Tiiniioii, 
tfh aminotu caMt>, as .Dmiu^tic slii'.illi o\ the uini)i]u'.il 
corj {\\ hicli passes muler inU' llu' n.i\ i I i1k eiiihrv o 
— no! f^iveii Mlellme liiicl, iJs Ntlk s.u, i/'i\ tii 

ilcviilu.i (mt.i aiKl ielK\,i). The iiteinie e.nit\ {uJi) 
opens below lhv‘ v.»^ina and abi've on tin ri^lvt 

into an ovidiut f/y. AW/zAv/-.) 

layer without. In the gut-libre layer of 
the allantois there are large blood-\es'-els, 
which serve for the nutrition, and 
especially the respiration, of the emhrvo 
—the umbilical vessels (p. 170). In the 
reptiles and birds the allantois enlarges 
into a spacious sac, which encloses the 
embryo with the amnion, and docs not 
combine with the outer fietal membrane 
(the chorion). This is the case also with 
the lowest mammals, the oviparous 
Monotremes and mi>st of the Marsupi.ils. 
It is only in some of the later Marsupiids 
r/\ 'ratnclido ) and .all the Placentals that 
tile allantois developesinto the distinctive 


and remarkiiblc structure that we call the 

phlCt’llfu. 

The placenta is formed by the btanches 
of the blood-vessels in the wall of the 
allantois growing into the hollow 
ecttidermic tufts (villi) of the chorion, 
which run into corresponding depre.ssions 
in the mucous membrane of the womb. 
The latter also is richly- pcrme;ited with 
blood-vessels which bring the mother’s 
blood to the emhrvo. As the partition in 
the villi between the m.iternal blood¬ 
vessels and those of the fivtus is extremely 
thin, there is .1 direct exchange of fluid 
betvv'een the two, and this is of the 
greatest importance in the nutrition of 
the young" mammal. It is true that the 
m.ilern.il vessels do not entirely p.ass into 
the fietal vessels, so that the two kinds of 
blood are simpl\ mixed. Hut the partition 
between them is so thin th.it the nutritive 
(luid easily tninsudes through it. Hy 
means of tliis transud.alion or diosmosis 
theexi hange of Iluids t.ikes place without 
dilliiultv. The larger the embryo is in 
the pl.'icenl.als, and the longer it remains 
in the womb, the more necessjir} it is to 
have spei ial structures to meet its great 
consumption of food. 

In this respect there is a very con¬ 
spicuous difference between the lower and 
higher mamm.ils. In the Marsupials, in 
vvliich the embryo is onlya comparatively 
short tiiiu- in the womb and is born in 
a veiy imm.iture londition, the vascular 
air.mgements in tlie yelk-sac and the 
all.mtois sullice for its nutrition, as we 
find them in the Monotiernes, birds, and 
n-ptiles. But in the I’laceiit.ils, where 
I gestation lasts a long time, .ind the 
embryo reaches its full development under 
the protection of its enveloping mem¬ 
branes, there has to be a new mechanism 
for jho direct supply of a l;irge quantity 
of lood, and this is admirably met by the 
I formation of the placenta. 

I Branches of the blood-vessels penetrate 
i into the chorion-villi from within, starting 
I from the gut-libre layer of the allantois, 

I and bringing the blood of the feetus 
i through the umbilical vessels (Fig. 273 
j ch:;). On the other hand, a thick network 
i of blood-vessels dcvelopes in the mucous 
i membrane that clothes the inner surface 
] of the womb, especially in the region of 
the depressions into which the chorion- 
villi penetrate (plu). This network of 
arteries contains maternal blood, brought 
by the uterine vessels. As the connective 
tissue between the cnl.arged capillaries of 
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the uterus disappears, wide cavities tilled 
with maternal blood appear, and into 
these the chorion-\illi of the einbr\t' 
penetrate. The sum of these \essels ot 
both kinds, that are so intinialelv corre¬ 
lated at this point, tos^ethcr with the 
connective and enveloping tissue, is the 
placenta. The placenta consists, there¬ 
fore, properly speakinj;^, of two diflereiit 
though intimately connected parts the 
ketal placenta (Tis^- 27^ ihi) williin and 
the maternal or uterine placenta (pin) 
without. The latter is made up of the 
mucous coat of the uterus .and its blood¬ 
vessels, the former of the tufted chorion 
and the umbilical vessels of the embryo 
(cf. Fitj. 

The milliner in whii li these two kinds 
of vessels combine in tlie pliiceiit.i, .md 
the stniltlire, form, and si/e of it, dilVer 
a jrood deiil in'the \iirioiis I’liici ntiils ; to 
some extent they ^he us valuable dat.i 



Fn. 274. Skull of a fossil lemur (t>u. isiru 

tile ri(jlil, h.'ili ii.itur.'il si/c. A’ lew er jaw, (' lower > n'l'H 


at birth the fivtal pkicenta iilone comes 
awiiv : the uterine pkiceiitii is not lorn 
awiiy with it. 

The forniiition of the pl;tcent:i is very 
dilTerent in the secotul .md hijither sei tion 
of the I’l.uentals, the Ha iiliiata. Here 
.ii^ain the whole surf.ice of thechoiiim is 
thiikly co\eied with the villi in the 
bei^innini;. Ikil they .ifterwiirds dis- 
iipfu'iir fiom one piirt of the surface, and 
^row proporlioiiiitelv thicker on the other 
p.irt. We thus .net ii dilTerenliiil ion 
between the smooth chorion (chorion 
taeve, h'in. .;7,t chi) .md the thickly- 
Ilifted choi ion (chorion ln>ii,ioMiin, I'in". 
-7,> >'lij )■ I foi mer hits onl\ .1 few 
sin.ill villi or none at :ill ; the killer is 
thiikly covered with larne and well- 
developed villi ; this.done now' lonslitules 
the |il.iieiita. In the no-"''! m.ijorilv of 
the Deiidiial.i the pkiceiil.i h.is the s:ime 
sh.ipe .IS in m.m(l'in‘'. i<>7i -iki)— namely 
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for the natural classilication, ;ind there¬ 
fore the phyloj^eny, of the whole of this 
sub-class. On the ‘*1 these 

dilfereiices we div ide it into two principal 
sections ; the lower I’laientals or 
Indecidiiay luid the hi.nher I’laceiitals or 
Di'ciduata. ^ 

To the Indecidua bclonnf three im¬ 
portant n;i‘c>ups of mammals ; the Lemurs 
Prosimiu’),\\\c^ Unfrukites(tapirs,horses, ■ 
•pin’s, ruminants, etc.), and the Cetaiea 
(dolphins and whales). In these Jndecidua 1 
the villi are distributed over the whole i 
surface of the chorion (or its nreater part), | 
either singly or in groups. They are ! 
only loosely connected with the mucous 
coat of the uterus, so that the whole 
foetal membrane with its villi can be easily 
withdrawn from the uterine depressions 
like a hand from a glove. There is no 
real coalescence of the two placentas at 
any part of the surface of contact. Hence ' 


a thick, circular disk like ,i caki- ; so we 
find in the Insectivora, Chiroptera 
Rodents, and .Apes. 'I'liis dncoplacenta 
lies on one side of the chorion. 15 ul in 
the .S.iicolheri.i (both the t’arnivora and 
the se.ils, J'liuiipcdia) .u\d in the elephant 
and several other Deciduales wi- lind a 
zonoplacenta ; in these the rich mass ol 
Villi runs like a .girdle round the middle 
of the ellipsoid chorion, the two poles of 
it being free from them. 

.Still more characteristic of the 
Deciduales is the peculiar and very 
intimate connection between the chorion 
frondosinn iind corresponding part of 
the mucous coat of the womb, which we 
must regard as a real coalescence of the 
two. Tlie villi of the chorion push their 
hraiuhes into the blood-tilled tissues of 
the coat of the uterus, and the vessels of 
each loop togisther so intimately that it is 
110 longer possible to separate the foetal 
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from the maternal placenta ; they form 
hdhceforth a compact and apparently 
himple placenta. In conset|uence of (hi.'* 
coalescence, a whole piece of the linln^^ of 
the womb comes away at birth with the 
fu'tal membrane that is interlaced with it. 
This piece is called the “ falliiii»;-away ” 
membrane (deitdua). It is also called 
the serous (spongy) membrane, because 
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the Deciduates. (Cf. Fig's. ’199, 200, pp. 
168-70.) 

In the various orders of the Deciduates 
the placenta differs considerably both in 
outer form and internal .structure. The 
eSktensive investigations of the last ten 
years have shown that there is more 
v.ariation in those respects among the 
higher mammals than was formerly 
supposed. The physiological 
work t)f this important em¬ 
bryonic organ, the nutrition 
of the feet us during its long 
sojourn in the womb, is 
accomplished in the vttrious 
groups of the Placcntals by 
very different and sometimes ^ 
very elaborate structures. 
They have lately been fully 
described by Hans Strahl. 

The phylogeny of the 
placenta has become more 
intelligible from the fact that 
we have found a number of 




ii'ansitional forms of it. Some 
ofthe Marsupials Pcrameles) 
have the beginning of a 
placenta. In some of the 
Lemurs (Tarsius) a discoid 
placenta with decidua is 
developed. 

While Uiese important 
results of comparative em¬ 
bryology have been throwing 
further light on the close 
blood-relationship of nian''and 
the anthropoid apes in the 
last few j’ears (p. 172), the 
great advance of paleontology 
has .Jit the same time been 
affording us a deeper insight 
into the stem-history of the 
Placental group. In the 
seventh chapter of my Syste¬ 
matic Pky]o}:^i'ny of the \ \'rte- 
brates I advanced the hypo¬ 
thesis that the Placentals 
form a single stem with many 


Fi«. 275.- The Slender Lori (Sfriiops sntn/h) of Co> 1 on. .1 branches, which has been 
tail-lcss k-miir. evolvcd from an older group 

of the Marsupials (Prodi- 
it is pierced like a sieve or sponge. All delphia). The four great legions of the 
the higher Placcntals that have this Placental.s—Rodents, Ungulate.s, Car- 
deddua are classed together as the nassia, and Primatesare sllarply 
“Deciduates.” The tearing.4iway of the separated to-day by important features of 
decidua at birth iiaturally .causes the organisation. But if we consider their 
mother to lose a quantity of Wood, which extinct ancestors of the Tertiary period, 
docs not hap|'K3in in Uic Indecidua. The the differences gradually disappear, the 
last part of the uterine coat has to Ix' deeper we go in the Cenozoic deposits ; in 
repaired by a new growth after birth in the end we hnd that they vanish altogether. 
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The primitive «tem-forms of the Rodents 
(Eslhonychida), the Ungulates (Chondy- 
larthraJ, the Carnassia (Ictopsida), and 
the Primates (Lemunxvida ) are so closely 
related at the beginning of the Tertiary 
period tliat^ we might group tliein 
together as different families of one order, 
the Proplacentals (Mallothcria or Pro- 
choriaia). 

Hence the great majority of the 
Placentals have no direct and close 
relationship to man, but only the legion 
of the Primates. This is now generally 
divided into three orders- the half-apes 
(Prosimiev), apes (.Simite), and man 
f AnthropiJ. The lemurs or half-apes are 
the stem-group, descending from the 
older Mallothcria o{ the CrcUiceous period. 
From them the apes were evolved in the 
Tertiary period, and man was formed 
from these towards its close. 

The Lemurs ( Prositniw ) have few living 
representatives. But they are very interest¬ 
ing, and are the last survivors of a once 
extensive group. We find many fossil 
■^remains of them in the older Tertiary 
deposits of Europe and North America, 
in the Eocene and Miocene. We distin¬ 
guish two sub-orders, the fossil Lemura- 
vida and the modern Pemuroj^na. The 
earliest and most primitive forms of the 
Lemuravida are the Pachylemursf' Hypop- 
sodiua) ; they come next to the earliest 
Placentals (Pnnhoriata), and have the 
typical full dentition, with forty-four teeth 
(» 1 H )• Necrolemurs {Adapida, 

Fig. 274) have only forty teeth, and have 
lost an incisor in each jaw )• 

dentition is still further reduced in the 
Lemurogona (Autolemures) ^ which 

usually have only thirty-six teeth | ’ )• 

These living survivors are scattered far 
over the southern part of the Old World. 
Most of the species live in 'Madagascar, 
some in the Sunda Islands, others on the 
mainland of Asia and Africa. They are 
gloomy and melancholic animals; they 
live a quiet life, climbing trees, and eating 
fruit and insects. They arc of different 
kinds. Some are closely related to the 
Marsupials (especially the opossum). 
Others (Macrotarsi) are nearer to the 
Insectivora, others again (Chiromys) to 
the Rodents. Some of the lemurs 
(Brachytarsi) approach closely to the 
true apes. The numerous fossil remains 
of half-apes and apes that have been 
recently found in the Tertiary deposits 
justify us in thinking that man’s ancestors 
were represented by several different 
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species during this lonfj period. Some of 
these were almost as big as men, such its 
the diluvial lemurogonon Meyi-aladapis of 
Madagascar. 

Next to the lemurs come the true apes 
(Simicr), the twenty-sixth .stage in our 
ancestry. It has been beyond question 
for some time now that the apes Jipproach 
nearest to man in every respect of all the 
animals. Just as the lowest apes come 
clo.se to the lemurs, .so the highest come 
next to man. When we carefully study 
the comparative anatomy of the apes and 
man, we can trace a gradual and uninter¬ 
rupted advance in the organi.sation of the 
ape up to the purely human frame, and, 
after impartial e.vamination of the “ ape- 



Fig. 276.—The white-nosed ape (Cercopithevus 
petaurisia ). 


problem ” that has been discussed of late 
years with such passionate interest, we 
come infallibly to the important conclu¬ 
sion, first formulated by Huxley in 1863 : 
“Whatever sy.stems of organs we take, 
the comparison of their modifications in 
the scries of apes leads to the .same result : 
that the anatomic differences that separate 
man from the gorilla and chimpanzee are 
not as great as those thal separate the 
gorilla from the lower apes.” Translated 
into phylogenetic language, this “ pithfc- 
cometra-hw,”formulated in such masterly 
fashion by Hiixley, is quite equivalent to 
the popular .saying; “Man is descended 
from the apes.” 

In the very first exposition of his prt>- 
found natural classification (1735) Linn6 
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placed the anthropoid mammals at the 
head of the animal Uinf^dom, with three 
j^enera : man, the ape, and the sloth, 
llcaftei'wardsealled them the “Primates” 
- \he “lords” of the animal world ; he 
then also separated the lemur from the 
true ape, and rejected the sloth. Later 
zoolofjists divided the order of Primates. 


and Quadrumana was retained by Cuvier 
ajid most of the subsequent zoologists. 
It seems to be extremely important, but, 
as a matter of lact, it is totally wrong. 
This was first shown in iStij by Huxley, 
in his famous Mans Place in Nature. 
On the strength of careful cojnparative- 
anatomical research he proved tliat the 



Fiu. 277.— The drill-baboon f Cynocethaluf lcufot>ha-u>. ) (From firehnu) 


First the Gottingen anatomist, Blumen-j apes are just as truly “ two-handed ” as 
bach, founded a special order for man, man ; or, if we prefer to reverse it, that 
w'hich he called liimana (“ two-handed ”); man is as truly four-handed, as the ape. 
in a second order he united the apes and He showed convincingly that the ideas of 
lemurs under the name of Quadrumana hand and foot had been wrongly defined, 
1 “ four-handed ”); and a tliird order was , and had been improperly based on physio- 
formed of the distantly-related Chiroptera ! logical instead of morphological grounds, 
(bats, etc.). The separation of the Bimana ‘ The circumstance that w’e oppose the 
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thumb to the other four lini^ors in our 
hand, and so ran grasp things, seemed 
to be a special distinction of the hand in 
contrast to the foot, in which the corre¬ 
sponding great toe cannot be opposed in 
this way to the others. Hut tlie apes can 
grasp with the hind-foot as well as the 
fore, and so W'ere regarded as i.]Liadru- 
manous. Howetcr, the inability to grasp 
that w’c find in the foot of civ lilsed man is 
a consequence of the habit of clothing it 
with tight coverings for thousands of 
years. Many of the liare-fooled lower 
races of men, especially among the 
negroes, use the foot very freely in the 
.same W'ay as the hand. .\s a re-nil of 
early habit and continued practice, they 
can grasp with the foot (in climbing ti ees, 
for instance) just as well as with the 
hand. Kven new’-born infants of our own 
race can grasp verv strongly with the 
great toe, and hold a spoon with It as 
firmly as with the hand. Hence the 
physiological di'itinclion between h.and 
and fool can neither be pivssed verv far, 
nor has it ;i sclentilic basis. W'e must 
look to morphological char.ulers. 

As a matter of fail, it is posMlde to 
draw such a sharp morphological distinc¬ 
tion—a distinction h;ised on an.'iti>mic 
structure between the fore and hind 
extremity. In the formation both of the 
bony' skeleton and of the muscles that are 
connei ted with the hand and foot be lore 
and behind there are materi.d and con¬ 
stant differentes; and these are found 
both in man and the ape. For instance, 
the number and arrangement of the 
smaller bones of the hand and fool are 
quite dilferenl. There are similar con¬ 
stant differences in the muscles. 'Fhe 
hind extremity always has three mustles 
(a short fle.xor mustle, a short extensor 
muscle, and a long calf-nuiscle) that are 
not found in the fore extremity. The 
arrangement of the muscles also is 
differt-Mit betore and behind. 'I liese charac¬ 
teristic differences between the fore and 
hind extremities are found in man as well 
as the ape. There can be no doubt, there¬ 
fore, that the ape’s foot deserves that name 
just as much as the human foot docs, and 
that all true apes are just as “ bimanous ” 
as man. The common distinction of the 
apes as “ quadrumanous ” is altogether 
wrong morphologically. 

But it may be asked whether, quite 
apart from this, w'e can find any other 
features that distinguish man moye 
sharply from the ape than the various 


species of apes are distinguished from 
each other. Huxley gave so complete 
;ind demonstrative .1 reply to this question 
that the opposition still raised on many 
sides is absolutely without foundation. 
F’n the ground of carelul compar.itiv e- 
anatomical research, Huxley proved that 
in all morphological respects the dillei- 
ences between the highest and lowest 
apes are greater than the corresponding 
difierences between the highest apes and 
man. He thus restored Linne’s older of 
the Primates (extiuding the bats), and 
divided it into three siib-oulers, the first 
composed of the half-apes ), 

the second of the tiue apes f'.S'/wan/a y, 
the thiid of men ( Authropiihr). 

Hut, as we wish to proi eed quite con- 
slslentlv and Impartlallv on the laws of 
systematic logic, we mav,on the stieiigth 
of Huxley’s own law, go a good di'al 
farther in this division. We are justified 
in going at least one impoitanl step 
fartlier, and assigning man his natural 
place within one i>f the sei lions ol the 
order of apes. .Ml the featuies that 
1 haiaclerise this gioup of apes are found 
In man, and not lound In the other apes. 
We do not seem to be justified, Iherelore, 
in founding for man a special order 
distinct from the apes. 

The Older of the true apes ( Simla' or 
I'ilhcta)- excluding the lemurs- has 
long been divided into two piinclpal 
groups, which also dlifer in their 
geographical distribution. One group 
{//cspcropilhcca, or western apes) live in 
.\merica. The other group, to whivh man 
belongs, are the Eapilhrcit vir eastern apes; 
they are found in .\sla and .Mrica, and 
were formerly in Kurope. .All the eastern 
apes agree with man in the features that 
are chietly used in /.oological classifica¬ 
tion LO distinguish between the two 
simian groups, especially in the dentition. 
The objection might be raised that the 
teeth are loo subordinate an organ physio¬ 
logically for Us to lay stress on them in so 
important a question. Hut iheie is a 
good reason for it; it is with perfect 
justice that zoologists have for more than 
a century paid particular attention to the 
teeth in the systematic division and 
arrangement of the orders of mammals. 
The number, form, and arrangement of 
the teeth are much more faithfully 
! inherited In the various orders tluin most 
other characters. 

Hence the form of dentition in man is 
very imporlant. In the fully developed 



26 o 


OUR APE ANCESTORS 


condition we have thirty-two teetli; of 
these eight are incisors, four canine, and 
twenty molars. The eight incisors, in 
the middle of the jaws, have certain 


Next to these, at each side of both jaws, 
is a canine (or “ eye tooth ”), which is 
larger than the incisors. Sometimes it is 
Very prominent in man, as it is in most 



characteristic differences above and apes and many of the other ittamndi^s,; 
below. In the upper jaw the inner and forms a sort of tusk. Next lo this 
incisors are larger than the outer-; in the there are five molars above and below on 
lower jaw the inner are the smaller, each side, the first two of which (the 
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“ pre-moJars ”) are small, have only one 
root, and are included in the changfe of 
teeth; the three back oi>es are much 
larger, have two roots, and only come 
witli the second teeth. The apes of the 
Old World, or all the livinjj^ or fossil apt;s 
of Asia, Africa, and Europe, have the 
same dentition as man. 

On the other hand, all the American 
apes have an additional pre-molar in 
each half of the jaw. They have six 
molars above and below on each side, (ir 
thirty-six teeth altogether. This charac¬ 
teristic difference between the eastern and 
western apes has been so faithfully 
inherited that it is very instructive for us. 
It is true that there seems to lie an excep¬ 
tion in the ca.se of a small family of South 
American apes. The small silky apes 
(ArctopUheca or Ilapalidcr), which in¬ 
clude the tamarin (Midas) and the 
brush-monkey (Jacchus), have only five 
molars in each lialf of the jaw (instead of 
six), and so seem to be nearer to the 
eastern apes. Hut it is found, on closer 
examination, th.it they have three pre¬ 
molars, like all the w’estern apes, and 
that only the last molar has been lost. 
Hence the apparent exception really 
confirms the above distinction. 

Of the other features in which the two 
groups of apes differ, the structure of the 
nose is particularly instructive and con¬ 
spicuous. All the ea.stern apes have the 
same type of nose as man—a compara¬ 
tively narrow partition between the tw'o 
halves, .so that the nostrils run dowm- 
wards. In some of them the nose 
protrudes as far as in man, and has the 
same characteristic structure. We have 
already alluded to the curious long-nosed 
apes, which have a long, finely-curved 
nose. Most of the ea.stern apes have, it 
is true, rather flat noses, like, for 
in.stance, the white-nosed monkey (Fig. 
276); but the nasal partition is thin and 
narrow in them all. The American .apes 
have a different type of nose. The parti¬ 
tion is Itery broad and thick at the bottom, 
and the wings of the nostrils are not 
developed, so that they point outwards 
instead of dowmwards. This difference 
in the form of the nose is so constantly 
inherited in both groups that the apes of 
the New World are called “ flat-nosed ” 
(E^atyfrhmip), and those of the Old 
fWorld “narrow-nosed” (Caiarrhince). 
The bony passage of the ear (at the 
bottom of which is tlie tympanum) is 
short and wide in all the Plntyrrhines, 


but long and narrow in all the Catar- 
rhines ; and in man this dilference .also is 
significant. 

This division of the .apes into riatyr- 
rhines and Catarrhines, on the groutid of 
the above hereditary features, is now 
generally admitted in zoologv, and 
receives strong support from the geo- 
graphicjil distribution of the two groups 
in the east and west. It follows at once, 
as regards tJie phylogcny of the apes, 
that two divergent lines proceeded from 
the common stem-form of the ape-order 
In the early Tertiary period, one of which 
spread over the Old, the other over the^ 
New, World. It is certain that all the 
Platyrrhines come of one stock, .and .also 
all the C.ttarrhines ; but the former are 
phylogenetically older, and must be 
regarded as the stem-group of the latter. 

What can w’e deduce from this with 
regard to our own genealogy ? M.an has 
just the s.anie ch.aracters, the s.ame form 
of dentition, auditory pass.age, and no.se, 
as all the Catarrhines; in this he radi¬ 
cally differs from the i’latyrrhincs. We 
are thus forced to as.sign him a position 
among the eastern apes in the order of 
Primates, or at least place him alongside 
of them. Hut it follows th.'it man is a. 
direct blood relative of the apes of the 
Old World, ;ind can be traced to n 
common stem-form together with all the 
Catarrhines. In his whole organisation 
and In his origin man is a true Catar- 
rhine; he originated in the Old World 
from an unknown, extinct group of the 
eastern apes. The apes of the New 
World, or the Platyrrhines, form a 
divergent branch of our genealogical 
tree, and this is only distantly related at 
its root to the human race. We must 
assume, of course, that the ejirlicst 
Eocene apes h.ad the full de^ition of the 
PJ.'ityrrbines ; hence we may regard thi.s 
stem-group as a.special .stage (the twenty- 
sixth) in our ancestry, and deduce from it 
(as the twenty-seventh stage) the earliest 
Cat.'irrhincs. 

We have now reduced the circle of our 
I ne.are.st rel.'itivcs to the sm.all and com- 
' p.'irativcly scanty group that is repre- 
.sented by the sub-order of the ♦Catar¬ 
rhines, and we are in a position to 
answer the question of man’s place in 
this sub-order, and say whether we 'CSM ' 
deduce anything further from this posi¬ 
tion as to our immediate ancestors. In 
answering this question the comprehen¬ 
sive and able studies that Hijixley gives of 
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the comparative anatomy of man and 
the various Catarrhines in liis Man's 
Place in Nature arc of fjjTcat assistance to 
us. It is quite clear from these llial the 
differences between man and tlie hifji'hest 
Catarrhines (f^mrilla, chimpanzee, and 
orang^) are in eveiy respect slig^hter than 
the corresponding; differences between the 
liif;;hesl and the lowest C.ilarrhines 
(white-nosed monkey, macaco, Ixiboon, 
etc.). Jn fact, within the sm.tll ^loupof 
the tail-less anthropoid apes the differences 
between the \arious j^ener.i are not less 
th.in the din'erences between them and 
man. Tliis is seen h\ a j.;Iaiue at the 
skeletons that Huxley has pul together 
(h'i.qs. 27,S jSi>). Whether we take the 
skull or the \eiiebral column or the ribs 
or the li>re or hind limbs, or v\helher we 
extend the comparison to the muscles, 
blood-\essels, brain, placenta, etc., we 
always re.'u h the s.ime result on impartial 
examin.ition that man is not more 
dillerent fixan the other C'alarrhines than 
the extreme lt)rms of them (for instance, 
the gorilla and baboon) differ from each 
other. We may now, therefore, complete 
the Iluxleian law^ wc lane alreadv qin>led 
with the lollowinj^ tliesis : “Whatever 
s\stem of orf;ans we take, a comparison 
ol their modilications in the series of 
Catarrhines ,ilwa\s leads to the .same 
conclusion ; the anatomic dilferences that 
•separ.ite man from the most advamed 
Catarrliines (orany, yorilla, chimpanzee) 
are not as yreat as those that separate 
the latter from the. lowest t'atarrhines 
(white-nosed monkey, maiaco, baboon).” 

We must, thereku e, consider the descent 
of man Irom other C.itarrhines to be fully 
pro\ed. Whatever further information 
on the comparative anatomy and onto¬ 
geny of the living; Catarrhines we may 
obtain in ^le future, it cannot possibly 
disturb this conclusion. Naturallv, our 
Catarrhine ancestors must ha\o pas.sed 
through a long series of different forms 
belore the human type was produced. 
The chief ad\ances th.it effected this 
“creation of man,” or his differentiation 
from the nearest related Catarrhines, 
were : the adi>ption of the erect posture 
and the consequent greater diffeienliation 
ol tile lore and hind limbs, the ev’olulion 
of articulate speech and its organ, the 
larynx, and the further development of 
the brain and its function, the soul ; 
sexual selection had a great influence in 
this, as Darwin showed in his famous 
work. 


With an e}e to these advances we can 
distinguish at least four important stages 
in our simian ancestry, which represent 
prominent points in the historical process 
of the making of man. We ma}"^ take, 
after the Lemurs, the earliest and lowest 
I’latyrrhines of South America, with 
thirty-six teeth, as the tw'enty-.sixth stage 
of our genealog}’ ; they were developed 
from the Lemurs by a peculiar modifica¬ 
tion of the brain, teeth, nose, and fingers. 
From these liocene stem-apes were formed 
the earliest Catarrhines or eastern apes, 
W'ilh the human dentition (thirty-two 
teeth), hy modification of the nose, 
lengthening of the bony channel of the 
ear, and the loss of foui pre-molars. 
These oldest stem-forms of the whole 
Catarrhine gioupvwre still thickly coated 
with hair, and had long tails baboons 
( ('ynopifhei a ) or tailed .ipes {Menoren'af 
h'ig. jyb). The\ lived during the Tertiary 
period, and are found fossilised in the 
Miocene. Of the actual tailed apes 
perhaps the nearest to them are the 
Son no/yit/ien. 

If we take these SemnopilliecI as the 
twenty-seventh stage in our ancestry, w'e 
may put next to them, as the twenty- 
eighth, the lail-less anthropoid apes. This 
name is giv en t(Mhe most ;idv;inced and 
man-like of the existing Catarrhines. 
The^ w ere developed from the other Catar¬ 
rhines bv losing the tail .uid part of the 
hair, and by a higher development of the 
brain, which found expiession in the enor¬ 
mous giowlh of the sUull. Of this rc- 
m.irk.ihle family there are only a fewr' 
geneni to-day, and we have aheady deak 
with them ((.'hapter XV.) the gibbon 
{JJy/ohates, l''ig'. 20 ;) and or.ing (.S'aA'/«.s', 
Figs. 204, 205) in .Soulh-Kastern Asia and 
the Archipelago ; and the chimpanzee 
(. 1 nthropithecus, h'igs. 206, 207) and gorilla 
{(torilla. Fig. 20S) in Equatorial Africa. 

The great interest that every thought¬ 
ful man takes in these nearest relative.s 
of ours h.'is found expression recently in 
a fairly large liter.'iture. Fhe most distin¬ 
guished of the.se works for impartial treat¬ 
ment of the question ofall'mitv is Robert 
Hartmann’s little work on The Anthro¬ 
poid. 1 pes. Hartmann divides the prim.'ite 
ordei into two families : (i) /V/wa/7V(man 
.and the anihi opoid apes); and (2) Siniiance 
(true apes, L'atarrhines and Platyrrhines). 
Professor Klaatsch, of Heidelberg, has 
advanced a different view in'his interest¬ 
ing and richly illustrated w'ork on The 
Origin and l)ex<elopment of the Human 
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Race. This is a substantial supplement 
to my Anthropogeny^, in so far as it j»^ives 
the chief results of modern research on 
the early history of man and civilisation. 
But when Klaatsch declares the descent 
of man from the apes to be "irrational, 
narrow-minded, and false,” in the belief 
that we are thinking of some living^ 
species of ape, we must remind him that 
no competent scientist has ever held so 
narrow a view. All of us look merely— 
in the sense of Lamarck and Darwin to 
the orig;inal unity (admitted by Klaatsch) 
of the primate stem. This common 
descent of all the Primates (men, apes, 
and lemurs) from one primitive stem- 
form, from which the most far-reachint^ 
conclusions follow forthe whole of anthro- 
poloj^y and philosophy, is admitted by 
Klaatsch as well as by myself 
and all other competent zoolo¬ 
gists who aci'ept the theory of 
evolution in general, lie says 
explii itly (p. 17.2): “ I'he three" 
anthropoid apes ■ j^orilla, 
chimpanzee, and orang—seem 
to' be branches fi'om a com¬ 
mon I'ool, and this vv'as not 
far from that of the gibbon 
and man.” Thai is in the 
main the opinion that 1 have 
maintained (especially' against 
Virchow) In a number of works 
ever since The hypo¬ 

thetical common ancestor of 
all the Primates, which must 
have lived in the earliest 
Tertiary period (more prob¬ 
ably in the Cretaceous), was 
called by me Atrliiprimiis ; 

Klat'itscli now calls it Prinia- 
toid. Dubois has proposed tlie appro¬ 
priate name of PrutJtylobates for the 
common and much younger stem-form of 
theanthropomorpha (man and the anlliro- i 
poid apes). The actual Ifylolmtes is nearer | 
to it than the other three existing anthro¬ 
poids. None of these can be said to be 
absolutely the most man-like. The gorilla 
comes next to man in the structure of th 
hand and fool, the chimpanzee in the 
chief features of the skull, the orang in 
brain development, and the gibbon in the 
formation of the chest. None of these 
existing anthropoid apes is among the 
direct ancestors of our race; they arc 
scattered survivors of an ancient branch 
of the Catarrhincs, from which the huHian 
race developed in a particular direction. 

Although man is directly connected with 
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this anthropoid family and originates from 
it, we may assign an important inter¬ 
mediate form between the Proihvlobait's 
and him (the twenty-ninth stage in our 
ancestry), the ape-men (/’illtecanthivpi). 
I gav'o this name In the History of Ctvn- 
turn to the “ speechless primitive men” 
( AhiJi), which were men in the ordinary 
sense as lar as the general structure is 
concerned (especially in the differentia¬ 
tion of the limbs), but lacked one of the 
chief human characteristics, articulate 
speech and the higher intelligence that 
goes with it, and so had a less developed 
brain. The phylogenetic hypothesis of 
the organisation of tills “ ape-man ” which 
I 1 then advanced wa brilliantly confirmed 
I twenty-four years afterwards by the 
I famous discovery of the fossil Pithcc- 



Fk;. a 8 j—Skull of the fossil ape-man of Java (Piihrr- 
rrr(lu'^), roslori-il liv hufirn 


anthropHs crcctiis by Kugen Dubois (then 
military surgeon in Java, afterwards 
professor at Amsterdam). In iKip he 
found at Trinil, in the residency of 
Madiun in Java, in Pliocene deposits, 
certain remains of a large and very man¬ 
like ape (roof of the skull, femur, and 
teeth), which he described as “an erect 
ape-man” and a survivor of a “stem-form 
of man” (Fig. 283). Naturally, the 
Pithecanthropus excited the liveliest 
interest, as the long-sought transitional 
form between man and the ape : we 
seemed to have found “the missing link.” 
There were very interesting .scientific dis¬ 
cussions of it at the last three International 
Congresses of Zoology (Leyden, 1895, 
Cambridge,' 1898, and Berlin, 1901). 1 

took an active part in the di.scussion at 
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Cambridfjfe, and may refer the reader to 
tlie paper I read there on “ The Present 
Position of Our Knowledj^e of the Orij'in 
of Man ” (translated by Dr. Gadow with 
the title of The Last Link). 

An extensive and valuable literature 
has grown up in the last ten years on the 
Pithecanthropus and the pithecoid theory 
connected with it. A number of distin¬ 
guished anthropologists, anatomists, 
paleontologists, and phylogenists hav'e 
taken parf in tlie controversy, and made 
use of the important data furnished by the 
now science of pre-historic research. 
Hermann Klaatsch has given a good 
summary of them, with many fine illus¬ 
trations, in the above-mentioned work. 

1 refer the reader to it as a valuable 
supplement to the present work, especially 
as 1 cannot go any further here into these 
anthropological and pre-hisloricqiK*stions. 

1 will only repeat that I think he is wrong 
in the attitude of hostility that he alTccts 
to take up with regard to my own views 
on the descent of man from 1 he apes. 

The most powerful opponent of the 
pithecoid theory- and the theory of evolu¬ 
tion in general—during the last thirty 
years (until his death in .September, i<)02) 
was the famous Berlin anatomist, Rudolf 
Virchow. In the speeches which he 
delivered every year at various con¬ 
gresses and meetings on this question, 
he was never tired of attacking the hated 
“ape theory.” His constant categorical 
position was: “It is quite certain that 
man does not descend from the ape or 
any other animal.” This has been 
repeated incessantly by opponents of the 
theory, especially theologians and philo¬ 
sophers. In the inaugural speech that he 
delivered in 1894 at the Anthropological 
Congress at Vienna, he said that “ man 
might just as well have descended from a 
.sheep or an elephant as from an ape.” 
Absurd expre.ssions like this only show 
that the famous pathological anatomist, 
who did so much for medicine in the 
establishment of cellular pathology, had 
not the requisite attainments in compara¬ 
tive anatomy and ontogeny, systematic 
zoology and paleontology, for sound judg¬ 
ment in the province of anthropology. 
The Strassburg anatomist, Gustav 
Schwalbe, deserved great praise for 
having the moral courage to oppose this 
dogmatic and ungrounded teaching of 
Virchow, and showing its untenability. 
The recent admirable works of Schwalbe 
on the Pithecanthropus, the earliest races 


of men, and the Neanderthal skull (1897- 
1901) will supply any candid and judicious 
reader with the empirical material with 
which he can convince himself of the 
baselessness of the crrq||pous dogmas of 
Virchow and his clerical friends (J. Ranke, 
J. Bumiiller, etc.). 

As the Pithecanthropus walked erect, 
and his brain (judging from the capacity 
of his skull. Fig. 283) was midway 
between the lowest men and the anthro¬ 
poid apes, we must assume that the next 
gre.'it step in the advance from the Pithec¬ 
anthropus to man was the further develop¬ 
ment of human speech and reason. 

Conipfirative philology has recently 
shown that human speech is pply- 
phyletic in origin ; that we must dis¬ 
tinguish several (probably many) different 
primitive tongues that were developed 
independently. The evolution of lan¬ 
guage also leaches us (both from its 
ontogeny in the child and its phylogeny 
in the race) that human speech proper 
was only gradually developed .after the 
rest of the body had .attained its charac¬ 
teristic form. It is probable that language 
was not evolved until after the dispers.al 
ol the v.arious species .and races of men, 
and this probably took pl.ace .at the com¬ 
mencement of the Quaternary or Diluvi.al 
period. The speechless ape-men or Alalt 
cert.ainly existed towards the end of the 
Tertiary period, during the Pliocene, 
possibly even the Miocene, period. 

The third, .and last, stage of our aiiim.al 
ancestry is the true or speaking man 
(Homo J, who w.as gradually evolved 
from the preceding stage b^ the advance 
of animal l.angu.age into articulate human 
speech. As to the time and pl.acc of this 
re.al “creation of man” we can only 
express tentative opinions. It was prob¬ 
ably during the Diluvial period in the 
hotter zone of the Old World, either on 
the m.ainland in tropical Africa or Asia, 
or on an earlier continent (Lemuria- -now 
sunk below the w.aves of the Indian 
Oce.'in), which stretched from East Africa 
Madagascar, Abyssinia) to East Asia 
.Sund.a Islands, Further India). I have 
given fully in my History of Creation - 
(chap, xxv'iii.) the weighty reasons for 
claiming this descent of m.an from the 
anthropoid eastern apes, and shown hovV 
we may conceive the spread ol the various 
races from this “ Panidisc ” over the whole 
earth. 1 have also dealt fully with the 
relations of the various races and species 
of men to each other. \ 
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First stage : The Protists. 

Mad’s ancestors are unicellular protozoa, 
originally unnucleated Monera like the 
Chrot^acea, structureless green particles of 
plasm ; afterwards real nucleated cells (first 
plasmodomous Protophyta, like the Palmella ; 
then p^asmophagous Protozoa, like the 
Amoeba). 

Second stage : The BlastSBadS. 

Man’s ancestors are round coenobia or 
colonies of Protozoa ; they consist of a close 
association of many homogeneous cells, .and 
thus are individuals of the second order. 
They resemble the round cell-comiminilies 
of the MagosphajreC .and Volvocina, equi¬ 
valent to the ontogenetic bLastula: hollow 
globules, the wall of which consists of a 
single layer of ciliated cells (blastoderm). 

Third stage : The Gastpseads. 

Man’s ancestors are Gastive.ads, like the 
simplest of the actual Metazoa(Prt>physoma, 
Olynthus, Hydra, Pemm.atodiscus). 'riicir 
body consists merely of a primitive gut, the 
wall of which is made up of the twc> primary 
germinal layers. 

Fourth stage ; The Platodes. 

Man’s ancestors have substantially the 
organisation of simple Platode.s (at first like 
the cryptoccelic Platodaria, later like the 
rhabdoccelic Turbcllaria). 'I'he le.'if-sh.'i.ped 
bilateral-symmetrical body has only one gut¬ 
opening, and developes the first trace of a 
nervous centre from the ectoderm in the 
middle line of the back (Figs. 239, 240). 

Fifth stage: The Vermalia. 

Man's ancestors have substantially the 
organi-sation of unarticulated Vermali.'i, at 
first Gastrolricba (Ichthydina), afterwards 
Frontonia{Nemertina, Enteropneusla). Four 
secondary germinal layers deveTop, two 
middle layers arising between the limiting 
layers (cteloma). 'The dorsal ectoderm 
forms the vertical plate, acroganglion 

(Fig. 243). 

Sixth .stage: The Proehopdonia. 

Man’s ancestors have substantially the 
organisation of a simple unarticuhaled Chor- 
donium (Copelata and Ascidia-larvac). The 
untegmented chorda developes between the 


dorsal medullary tube and the ventral gut- 
tube. The simple crelom-pouchtx divide by 
.a frontal septum into two on each side ; the 
dors;il pouch (opisomitc) forms a imiscle- 
plate ; the ventral pouch (hyposomite) forms 
a gon.ad. Head-gut with gdll-clefts. 

Seventh stage : The ACPania. 

Man’s ancestors are sknll-le.s.s Vertebrates, 
like the Amphioxus. The body is a series 
of metainera, as several of the primitive 
segments re developed. The head contains 
in the ventral half the branchial gut, the 
trunk the hepatic gut. The medullary tube 
is still simple. No skull, j.'iws, or limbs. 

baghth stage: The Cyclostoma. 

Mfui’s ancestors are jaw-less Craniotes 
(like the Myxinoid.'i and Petromy/.onta). 
The number of mi'tamera increases. The 
fore-end of the mediill.iry tube expifiuls into 
;i vesicle and forms the l>r.iin, which soon 
divides into five cerebral vesicles. In the 
sides of it appear the three higher sense- 
organs: nose, eyes, and auditory vesicles. 
No jaws, limbs, or tloating bladder. 

Ninth stage : The Ichthyoda. 

M.T,n’s ancestors are fish-like Cr.'iniotcs : 
(i) Primitive fishes (.Selacliii) ; (2) pkited 
fishes (Ganoicla); (3) amph'bian fishes 
(Dipneusta); (4) m.ailed amphibia (Stego- 
ccpliala). 'riie .ancestors of' this series 
develop two pairs of limbs : a pair of fore 
(breast-fins) and of hind (belly-fins) legs. 
The gill-arches are formed between the gill- 
clefls: the first pair form the maxillary 
arches (upper iyid lower jaws) The floating 
bladder (lung) and pancreas grow out of the 
gut. 

Tenth stage : The Amniotes. 

Man’s ancestors are Amniotes or gili-le.s.s 
Vertebrates: (i) Primitive Amniotes (Pro- 
repLilia) ; (2) .Sauromamm.als ; (3) Primitive 
Mamm.als (Monotremes); (4) Marsupials; 
(5) Lemurs (Prosimi.oi); ( 0 ) Western apes 
(Platyrrbin.a.') ; (7) Kastern apes (Catar- 
rhina*): at first tailed Cynopitheea, then tail¬ 
less anthropoids ; later speechless ape-men 
(Alali); finally speaking man. The ances¬ 
tors of these Amniotes develop an amnion 
and allantois, and gradually assume the 
mammal, and finally the specifically human, 
form. 
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Chapter 

INVOLUTION OF THE 

Tut: prc'viuus I'hjipUM's lauj^ht us 

how tile huiniin body :is a vvla>lo devc- | 
lopt's from llu' firsl simple rudiment, a 1 
sinj^le layer of cells. I'he w hole luiman , 
race owes its orii^in, like the individual | 
man, lo a simple cell. The unicelhil.ir , 
stem-form of the race is reproduced dail\ ' 
in the unicelkdar embryonic staj;e of the , 
individual. We ha\e now to consider 
in detail the evolution of the \ arious parts 
that make up the human liame. I inusi, ■ 
naturally, coniine ni\self to the most 
j^eneral and principal outlines ; lo make ' 
a special study of the evolution of each ' 
orj^an and tissue is both hevond the scope \ 
of this work, and prohahlv he\ond the j 
anatomic c.ipacitj of nuisl of tnv leadeis ' 
to appreciate. In tracini; the evolutii'ii 
of the various oiLjrms we shall folKwv the j 
method that has hitherto j^uided us, | 
except that we shall now h.ive to cv>nsider | 
the ontogeny and ph\ lo^eny of theoii^^ans j 
toj^ether. We have seen, in stiidvin^ the : 
ev'vilution of the body as a whole, th.it ' 
ph\ loj^eny c.ists a lij^ht over the darker, 
path.s of ontoj^env, and that we should , 
he almost unable tv) find our wav in it 
without the aid of the former. We shall 
h.'ive the same experience in the sludv 
of the organs in detail, .ind I shall he 
compelled to Rive simultaiKHiusly theii 
ontORenetk: and piiv loi^enelic origin, 
'riie more w'C ro into the details of ori^anic 
development, and the more closelv we 
follow the rise of the various parts, the 
more we see the inseparable connection 
of embryoIoRV and stem-history. The 
ontOReny of the or^.ins can only he 
understood in the fiRlil of their ph} loReny, , 
just as we found of the emhryoloRV of 
the whole bi>dy. Ivach embryonic form [ 
is determined by a corresponilinR stem- | 
form. This is true of details as w'ell as , 
of the w'hole. 

We W’ill consider first the animal and 
then the veRetal S3’stems of orj^ans of the i 
body. The first Rroup consists of the 
psj’chic and the ..lotor apparatus. To i 
the former beloiiR the skin, the nervous j 
sj’stcm, and the sense-orRans, The | 
motor appn,r.'itus is composed of the 
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passive and the active organs of rhctVfe- 
ment (the skeleton and the mtHsgles). 
The second or veRCtal group consists of 
the nutritive and the reproductj^vtvappa- 
ratus. To the nutritive apparatus belong 
the aliment.'fry canal with all its appen¬ 
dages, the vascular system, and thv ren.'d 
(kidney) svstem. The reproductive ap{^- 
ratus comprises the different organs of 
se\ (embryonic rI.uuIs, sexual ducts, and 
copula!ive organs). 

.\s we know from previous^ chapters 
(XI. XIII ), the ;mim;d sv'stems of organs 
(the organs of sensation and presei>fationj[ 
devi'K'p for the most part out of the oiitrr 
|a im.u \ germ-laver, or tht* v ulaneou.s 
(skin) laver. thi the other hand, the 
vegetal svstems of organs arise for the 
most part from the inner primary germ- 
laver, the visLeial l.iyer. It is true that 
this .antithesis of the anim.d and vegetal 
spheres of the bod}' in m;in and all the 
highei anim.als is by no means rigid ; 
sever.d parts of the anim.d app.aratus (for 
inst.mce, the greater part of the muscles) 
.are formed from cells that come originally 
from the entoderm ; and .i great part of 
the vegetative .ipparatiis (forinstance, the 
mouth-cavity and the gonoducts) .are 
composed of cells that come from the' 
ectoderm. 

In the more advanced animal body 
there is so much interl.acing and displace¬ 
ment of the various parts that It is often 
ver} difficult to indicate the sourcc.s of 
them. Ihil, broadly speaking, w'c may 
take it as .a positive and important fact 
that in man .and the higher animals the 
chief p.art of the aninud organs conies 
from the ectoderm, and the greater part 
of the vegetative organs from the 
enlt)derm. It wais for this reason that 
Carl Krnsf von IJaer c.alled the one the 
.anim.d and the other the vegetativ-e layer 
(see p. 16). 

The solid found.alion of this important 
thesis is \\\q^ astrula, the most instructive 
cmbiyonic form in the animal world, 
which we still find in the same .shape in 
the most diverse classes of animals. 
This form points demonstrably to a 
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common stem-form of all the Metazoa, 
tlie irostnra; In this loni»--extinet stein- 
form llic v(Jiole body consisted throuRlunit 
life of the two primary germinal lavers, 
as is now the case temporariK in tlie 
gastrula; in the ti.islnea tlie simple 
cutaneous (skin) Ia\er actually repre¬ 
sented all the animal orj^ans and func¬ 
tions, and the simple visceial (j^ul) kner 
all -the vef^elal orj^ans and functions. 
This «,is the case veitli the modern 
^aStneads (Fig. ; and it is also tlie 
case potentially with tlie t;astriila. 

We shall easily see that the s^astraM 
theory Is thus able to tliro*i^ a good deal 
of light, both morphologicalh and pli\sio- 
)«gically, on some of the chief leature', of 
embryonic de\elopment, if we take up 
first the consideration of the chiel 
element in the anini.il spheie, the ps\ihic 
appar€'itus or seiisorium and its evidulioii. 
Thi.s ajiiparatus consists of two \ery 
dilTeg.“nt parts, which seem at first tii 
"have very little connection with each 
other— the outer skin, with .ill its hairs, 
nails, swe.it-glands, etc., and the ner\ous 
system. The latter compi ises the central 
nervous .system (br.iin and spinal cord), 
the peripheral, cerebral, .nitl spinal ner\i.-s, 
and the sense-organs. In the full\- 
formed vertebrate body these two chiel 
elements of the sen«,oriiim lie far apart, 
the skin being e\teni;d to, and the centi.d 
nervous system in the \ ei y cent re of, the 
body. The one is onl\ lonneiled with 
the other by a section of the periphei.d 
nervous system and the sinse-oi gans. 
Nevertheless, as we know from human 
, embryology, the medullarx tube i^ formed 
from the cutaneous layer. The organs 
that discharge the most advanced func¬ 
tions of the animal body the organs of 
the soul, or of psychic life deselop from 
the external skin. This is a perfectly 
natur.al and necessary process. Jf we 
reflect on the hlstoric.al evolution of the 
psychic and sensory functions, we are 
forced to conclude that the cells which 
accomplish them must originally have 
been located on the outer surfai e of the 
body. Only elementary organs in this 
superficial position could diiectly recei\e 
the influences of the environment, .\fter- 
wards, under the influence of natural 
selection, the cellular g^roup in the skin 
which was specifically “ sensitive ” with¬ 
drew into the Inner ;md more protected 
part oi. the body, and formed there the 
foundation of a centnil nervous organ. 
As a result of increased difierentiation. 


the skin .md the central nervous system 
became further and further .sep.iiated, 
and in the end the two were only perma¬ 
nent h'coiuii'cted h\ theafleient peripheral 
siiisory nerves. 

1 hi' observ.itioiis of the compar.itive 
anatomist are in complete aci ord with 
this view. lie tells us tlirit large numbeis 
of the lower animals have no nervous 
svstem, though they eseicise the functiotis 
ol sensation and will like the higher 
anim.ils. In the unicellular Prolo/oa, 
which do not foini germinal l.ivers, there 
is, ot louise, neither nervous system nor 
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jS 4 The human skin in vertical seetion 

(litnn tu krr), lii>rn> la>cT oi the 

epiJi.rnns, A nuuDus l.i\er t>l llu* epulLriiiis* « pdpilLu 
I ot (Ik '* >tl-’ el*. i>t • <•/Jiicts ot *'* 

swLfK-^l.uiils (f* K h 111 (lu coi'iuivK / nerve, 

passing in(i> a lactile coipusile above. 

skin. I?ut in the second division of the 
anini.'il kingdinn also, tlu* Meta/oa, there 
is at first no nervous .system. Its 
j functions are represented by the simple 
cell-la)ei' of the eitoderm, which the 
lower Metazoa li.ive inheiited from the 
tiastr.'ca (h'ig. .^o , ). VVe find this in 
the lowest /oophvles the (iastrieads, 
Phvsemaria, ;uid .Sponges (Figs. - 2,13 
23K). 'J'he lowest C'nidaria (the hydroid 
polvps) also are little superior to the 
Ciastneads in structure. Theirvegetative 
functions are accomplished by the .simple 
vi.sccral layer, and their animal functions 
by the simple cutaneous layer. In these 
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cases the simple cell-layer of the ectoderm 
is at once skin, locomotive apparatus, and 
nervous system. 

When we come (o the hij^^her Metazoa, 
in which the sensory functions and their 
orjjans are more advanced, we find a 
division of labour amoiifj the ectodermic 
cells. Groups of sensitive nerve cells 
separ.'ite from tlie ordinai'y epidermic 
ceils ; they retire into the more protected 
tissue of the mesodermic under-skin, and 
form special neural ^lia there. Even 
in the Platodes, especially the TnrbcIJdt'ia, 
we find an independent nervous system, 
which has separ.ited from the outer .skin. 
Thisisthb “upper pharynj^oal ^raiij^lion,’’ 
or acmiranf^Vion, situated above the gullet 
(Fijr. 241 From this rudimentary 

structure has been developed tlie elaborate 
central nervous system of the hii^hcr 
animals. In some of the his/her worms, 
such as the earth-worm, the first rudi¬ 
ment of the central nervous system 



Fici. .485. - Epidermic cells of .1 human cmhrMiol 
two inonlns. (From Kolliki'r.) 

(Fif;;’. 74 «) is .a local thickenintj;^ of the 
skin-sense layer (hx), which aflervv.'irds 
separates altogether from the horny plate. 
In the earliest Platodes (Cryptoavla) and 
VerniJilia (Gastrotricha) theacroganglion 
remains in the epidermis. But the 
medullary tube of the Vertebrates origi¬ 
nates in the same way. Our embryo¬ 
logy has taught us that this first structure 
of the central nervous .system .also 
developes originally from the outer 
germinal layer. 

Let us now examine more closely the 
evolution of the human skin, with its 
various appendages, the hairs and 
glands. This external covering has, 
physiologically', a double and important 
part to play. It is, in the first place, the 
common integument that covers the 
whole surface of the body, and forms a 
protective envelope for the other organs. 
As such it also effects a certain exchange 


of matter between the body and the 
surrounding atmosphere (exhalation, per¬ 
spiration). In the second place, it is the 
earliest and original sense organ, the 
common organ of feeling that experiences 
the sensation of the temperature of • the 
environment and the pressure or resist¬ 
ance of bodies that come into contact. .. 

The human skin (like that of all the 
higher animals) is composed of two layefs, 
the outer and the inner or underlying skin. 
The outer skin, or epidermis, consists of 
simple ectodermic cells, and contains no 
blood-vessels (Fig. 284 a, 6). ltdevejopes 
from the oi/ter germinal lay'cr, or ikiiv 
sense layer. The underlying skin (c&rium 
or hypodi'rmis) consists chiefly of con^ 
neclive tissue, contains numerous blCod- 
vessels and nerves, and has a totally 
different origin. It comes from the 
outermost parietal stratum of the middle 
germinal layer, or the .skin-fibre layer. 
The corium is much thicker than the 
epidermis. In its deeper strata (the 
suhcHiis) there are clusters of fat-cells 
(Fig. 284 //), Its uppermost stratum (the 
cutis proper, or the papillary stratum) 
forms, tiver almost the w'hole surface of 
the body, a number of conical micro¬ 
scopic papilhe (something like vrarts^, 
which push into the overlying epidermis 
(c). These tactile or .sensory particles 
contain the finest .sensory org.ans of the 
skin, the touch corpu.scles. Others con¬ 
tain merely end-loops of the blood-ves-sels 
that nourish the skin (c, d). The various 
parts of the corium arise by division of 
labour from the originally homogeneous 
cells of the cutis-plate, the outermost, 
lamina of the mesodermic .skin-fibre layer 
(Fig. 145Figs. 161, 162 r/^). 

In the same vv'ay, all the parts and 
appendages of the epidermis develop by 
diflerentiation from the homogeneous 
cells of this horny plate (Fig. 285). At an 
early stage the simple cellular layer of this 
horny plate divides into two. The inner 
and softer stratum (Fig. 284 /;) is known 
as the mucous stratum, the outer and 
harder (a) as the horny (corneous) 
stratum. This horny layer is being 
constantly used up and rubbed away ,at 
the surface ; new layers of cells grow up 
in their place out of the underlying 
mucous stratum. Af first the epidermis 
is a simple covering of the surface of the 
body. Afterwards various appendages 
develop from it, some internally, others 
externally. The internal appenefages are 
the cutaneous glands—sweat, fat, etc. ■ 
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The external appendages are the hairs 
and nails. 

The cutaneous glands are originally 
merely solid cone-shaped growths of the 
epidermis, which sink into the underlying 
coriuin (Fig. 286 /). Afterwards ;i canal 
Xs, j) is formed inside them, either by 
the softening and dissolution of the 
central cells or by the secretion of fluid 
inteiiially. Some of tlie glands, such as 
the sudoriferous, do not i.imify (Fig. 284 
e^). These glands, which secrete the 
perspiration, arc very long, and htive .1 
spiral coil at the end, but they never 
ramify ; so also the wax-glands of the 
ears. Most of the other cutaneous glands 
give out buds and ramifj ; thus, for 
instance, the lachrymal glands of the 
upper eye-lid that secrete tears (Fig. 286), 
and the sebaceous glands w'hich .secrete 
...the fat in the skin and generally open 
into the hair-follicles. Sudoriferous and 
sebaceous gl.inds are found only in 
mammals. But we find lachrymal glands 
in all the three classes of Amniotes— 
reptiles, birds, and mammals. They are 
wanting in the lower, aquatic vertebrates. 

The mammai-y glands (Figs. 287 and 
288) arc very remarkable ; they are found 
in all mammals, and in these alone. 
They secrete the milk for the feeding of 
the new-born mammal. In spite of their 
unusual size, these structures are nothing 
more than large sebaceous glands in the 
skin. The milk is formed by the lique¬ 
faction of the fatty milk-cells inside the 
branching mammary-gland tubes (Fig. 
287 c), in the same way as the skin- 
grease or hair-fat, by the .solutmn of fatty 
cells inside the sebaceous glands. The 
Outlets of the mammary glands enlarge 
and form sac-like mammary ducts f b) ; 
these narrow again (a), and open in the 
teats or nipples of the breast by sixteen to 
twenty-four fine apertures. The first 
structure of this large and elaborate gland 
is a very simple cone in the epidermis, 
which penetrates into the corium and 
tamifie.s. In the new-born infant it 
consists of tw'elve to eighteen radiating 
lobes (Fig. 288). These gradually ramify, 
their ducts become hollow and larger, and 
rich masses of fat accunfulale between 
the lobes. Thus is formed the prominent 
fetnale breast (mamma), on the top of 
which rises the teat or nipple (mammilla). 
The latter is only developed later on, 
when the mammary gland is fully formed ; 
and this ontogenetic phenomenon is 
extremely interesting, because the earlier 
^ VOTL. II. 
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mammals (the stem-forms of the whole 
clas.s) have no teats. In them (he milk 
comes out through a fiat pt)rtion of the 
ventral skin that is pierced like a sieve, 
as we still find in the lowest living 
mammals, the oviparous Monotremes of 
Australia. The young animal licks the 
milk from the mother instead of sucking 
it. In many of the lower mammals we 
find a number of milk-glands ut dilTcrenl 
parts of the ventral surface. In the 
human female there is usually only one 
pair of glands, at the breast ; ana it is 
the same with the apes, bats, elephants, 
and .several other matumals. Sometimes, 
however, we find two successive pairs of 



Fig. .286.—Rudimentary lachrymal glands from 

;i human embryo of four months. (From KoLliker,') 
r earliest structure, in the shape of a simple solid cone, 
^ and j more advanced structures, raniilying’ and hoi- 
lowiny out. a solid buds, ^ cellular coat of the hollow 
buds,/*structure of the fibrous envelope, which after¬ 
wards forms the corium about the glandn. 

glands (or even more) in the human 
female. Some w ometi have four or five 
pairs of breasts, like pigs and hedgehogs 
(Fig. 103). This polymastism points back 
to an older stem-form. We often find 
these accessory breasts in the male also 
(Fig. 103 D). Sometimes, moreover, the 
normal niammary glands are fully 
developed and can suckle in the male ; but 
as a rule they fire merely rudimentary 
organs without functions in the male. We 
have already (Chapter XI.) dealt with this 
remarkable and interesting instance of 
atavi.sm. 

While the cutaneous glands arc inner 
growtlis of the epidermis, the appendages 

B 
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which w6 call hairs and nails arc external 
local growths in it. The nails ( Unf^ues) 
which form important protective structures 
on the back of the most sensiti\e parts of 
our limbs, tlie tips of the lingers and toes, 
are horny growths of the epidermis, 
which we share with the apes. 7 'he 
lower mammals usually have claws 
instead of them ; the ungulates, hoofs. 
The stem-form of the mammals certainlv 
had claws ; we find them in a ruditnentary 
form even in the salamander. The horny 
claws arc highly developed in most of the 
reptiles (I'ig. 264, p. 245), .and the mam¬ 
mals liavc inherited them from the earliest 
representatives of this class, the stem- 
reptiles ( To(u!>auri<j). Like the hoofs 



Fig. J87.- The female breast ( mamma) 

Crfl st'clinn. < ract'iDDsi- }.;l.tnjiil.ir lubes, 
inilk-ducts, a iiairower oiillets, w liu-h o]>cn into llie 
nipple. (Fioin //. .l/iav r ) 

(utiffuJa’) of the Ungulates, the nails of i 
apes and men have been evolved from the ! 
claws of the older m.immals. In the ' 
human embryo the first rudiment of the 
nails is found (between the horny and the ' 
mucous stmlum of the epidermis) in the 
fourth month. But their edj.;es do not ; 
penetrate through until the end of the j 
sixth month. 

The most interesting and important 1 
appendages of tlie epidermis .ire the ' 
hairs ; on account of their peculi.ar com- j 
position and origin we must regard them j 
as highly characteristic of the whole 
mammalian class. It is true that we also 
find hairs in many of the lower animals, 


such as insects and worms. But these 
hairs, like the hairs of plants, arc thread¬ 
like appendages of the surface, and differ 
entirelj from the hairs of the mammals in ' 
the details of their structure and develop¬ 
ment. 

The embryology of the hairsi is known 
in all its det.'iils, but there are two different 
\iews as to their phylogeny. On the older 
\iew the hairs of the m.'immals are 
equiv.ilent or homologous to the feathers 
of the bird or the horny scales of the 
reptile. .'\s w e deduce all three classes of 
.^mniotes from a common stem-group, we 
must assume that these Permian stem- 
leptiles had a complete scaly toat, 
inherited from their Carboniferous ances¬ 
tors, the mailed amphibia (Stcj^occphalaJ ; 
the bony scales of their coriuni were 
covered with horny scales. In passing 
from aquatic to terrestri.il life the horny 
scales wane further developed, and the 
bony sc.'iles degenerated in most of the 
reiitiles. As regards the bird's feathefs, 
it is certain that they are modifications of 
the horny scales of their reptilian 
ancestors. But it is otherwise W’ith the 
h.iirs of the mammals. In their case the 
hypothesis has lately been .advanced on 
the strength of very extensive research, 
especially by Friedrich Maurer, that they 
have been evolved from the cutaneous 
sense-organs of amphibian ancestors by 
modification of functions ; the epidermic 
structure is very similar in both in its 
embrj’onic rudiments. This modern view, 
which had the support of the greatest 
expert on the vertebrates, C.'trl, Gegenbaur, 
can be harmonised wath the older theory 
to an extent, in the scn.se that botn 
formations, scales and hairs, w’ere very 
closely connected originally. Probably 
the conical budding of the skin-sense 
layer grew up under the protection of the 
homy scale, and became an organ of 
touch subsequently by the cornification of 
the hairs; many hairs are still sensory 
org.'ins (t.actile hairs on the muzzle ana 
cheeks of many m.ammals : pubic hairs). 

Tliis middle position of the genetic con¬ 
nection of .scales and hairs was advanced 
in mj" Systematic Phyloy^eny of the Verte¬ 
brates (p. 433). It is confirmed by the 
similar .arrangement of the two cuta¬ 
neous formations. As Maurer pointed 
out, the hairs, as well as the cutaneous 
sense-organs and the scales, are at first 
arranged in regular longitudinal series, 
and they aftcrwardj|,^reak into altcrn£tte' 
groups. In the embryo of*,^a bear 'two 
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inches long^, which I owe to the Icind- 
ness of Herr von Schmerlzing (of Atxa 
Varalliii, Hunf^ary), the back is covered 
with sixteen to twenty alternating- lonj^i- 
tudinal rows of seal) protuberances (I'i”-. 
289). They are at the same time arrant;ed 
in regular transverse rows, which con¬ 
verge at an acute angle from both sides 
towards the middle of the back. The 
tip of the scale-like wart Is turned in¬ 
wards. Between these huger hard scales 
(or groups of hairs) we find numbers of 
rudimentary smaller hairs. 

The human embryo is, as a rule, en¬ 
tirely clothed with a thick coat of fine 
wool during the last three or four weeks 
of gestation. This embryonic woollen 
coat (Lanu^i^^o) generally disappears in 
part during the last weeks of firtal life ; 
but in any case, tis a rule, it is lost imme¬ 
diately after birlli, and is replaced by the 
thinner coat of the permanent hair. 
These permanent hairs grow out of hair- 
follicles, which are formed from the rool- 
sheaths of the disappearing wool-fibres. 
The embryonic wool-co.it usii.illy, in the 
case of the human embryo, covers the 
whole body, with the exception of .he 
p.'ilms of the hands and soles of the feet. 
These parts are alwavs b.ire, as in the 
case of :ipes and of most other mamm.ils. 
.Sometimes the wool-coat of the embr3o 
h.is a striking effect, by its colour, on the 
later permanent hair-coat. Hence it 
happens occasionally, for inst.ince, among 
our Indo-Cjerm.'inic races, that children of 
blond parents seem to the dismay of the 
latter- -to be co\eted at birth with a dark 
brown or even .a bl.ickwoollyco.il. Not 
until this has disappeared do we see the 
permanent blond h.air which the child 
has inherited. Sometimes the darker 
co.at remains for weeks, and even months, 
after birth. This remarkable woolly coat 
of the human embryo is a legacy from the 
apes, our .ancient long-haired ancestors. 

It is not less noteworthy that many of 
the higher apes approach m.an in the 
thinness of the h.air on various parts of 
the body. With most of the apes, espe¬ 
cially the higher Catarrhincs (or narrow¬ 
nosed apes), the face is mostly, or entirely, 
bare, or at least it has h.air no longer or 
thicker than that of man. In their case, 
too, the back of the head is usually pro¬ 
vided with a thicker growth of hair ; this 
is lacking, however, in the case of the 
bald-headed chimpanzee [AnthrupitJiecus 
The <nal^ of many specie.s of 
apes have^a consi^rable beard on the 


cheeks and chin ; this sign of the mascu¬ 
line sex has been acquired by sexual 
selection. .Many species of apes have a 
V er\ thin covering of hair on the breast 
and the upper side of the limbs- much 
thinner than on the back or the under 
side of the limbs. On the other hand, we 
are often .asionished to find tufts of hair 
on the shoulders, back, and extremities 
of members of our Indo-tiernianic and 
ol the Semitic r.ices. Ivxceplional hair 
on the face, .is on the whole body, is 
heredit.'uy in cert.iln families of h.'iiry 
men. The qu.'intity and the qualitv of 
the h.iir on he.id and chin are also ion- 
spicuouslv iran".mitled In families. These 
extraordin.irj v.iri.itlons In the total and 
p.u'li.il h.iiry I'oat of the bodv, which are 
so notice.ihle, not only in comparing 



Fii. 2««.—Mammary gland of a new-born 
infant, n (1 iili.'il h sin:ill .iiid r laita* 

biuls ol Minif. (I'loni /.unurr.) 

different races of men, but also in com¬ 
paring dilTerent families of the same 
race, can only be explained on the as¬ 
sumption th.'it In man the hairy coat is, 
on the whole, a rudimentary oigan, a 
useless inheritance from the more thickly- 
coated apes. In this man resembles the 
elephant, rhinoceros, hippopotamus, 
whale, and other mamm.als of various 
orders, which have .also, almost entirely 
or for the most part, lost their hairy coats 
by ad.'ipt.'ition. 

The particular process of adaptation by 
which man lost the growth of hair on 
most parts of his body, .and retained or 
augmented it .at some points, was Jtiost 
prob.ably sexu.al selection. As Darwin 
luminously showed in his Hescenl of 
Man, sexual selection has been very active 
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in this respect. As the male anthropoid poid apes—g’orilla, chimpanzee, orang, 
apes ciiosc the females with the le.'ist liair, and several species of gibbons — besides 
and the females favoured the males with man (Figs. 203, 207). In other .species 
the finest growths on chin and head, the ! of gibbon the liairs are pointed towards 
general coating of the bod}' gradually the hand both in the upper and lower 
degenerated, find the h;iir of the beard arm, as in the rest of the mammals. We 
and head was more strongly developed, can easily explain this reniarkrible pecu- 
The growth of hair at other parts of the liarity of the anthropoids and man on the 
body (arm-pit, pubic region) was also theory that our common ancestors were 
probably due to sexual selection. More- ; accustomed (as the anthropoid apes are 
over, changes of climate, or habits, and ; to-day) to place their hands over their 
other adaptations unknown to us, may | heads, or across a branch above their 
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Fio. 289.— Embryo of a bear (Vrsus anion), twlco natural !• A seen from ventral side, /? from the left 


have assisted the disappearance of the 
hairy coat. . 

The fact that our coat of hair is in¬ 
herited directly from the anthropoid Jipcs 
is proved in an intere,sting way, accox'ding 
to Darwin, by the direction of the rudi- i 
mentary hairs on our firms, which cannot 1 
be explained in any other way. Both on ' 
the upper and the lower part of the arm i 
they point towards the elbow. Here they ! 
meet at an obtuse angle. This curious 
arrangement is found only in the anthro- 


hcfids, during r.-iin. In this position, the 
fact that the hairs point downwards helps 
the rain to run off. Thus the direction of 
the hair on the lower part of our arm 
reminds us to-day of that useful custom of 
our anthropoid ancestors. 

The nervous system in man and all the 
other Vertebrates is, when fully formed, 
fin extremely complex apparatus, that we 
may compare, in anatomic structure and 
physiological function, with an extensive 
telegraphic system. The chief station of 
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the system is the central marrow or 
central nervous system, the innumerable 
' ganglionic cells or neurona (Fig. 9) of 
which are connected by brandling pro¬ 
cesses with each other iind with numbers 
of very fine conducting wires. The latter 
are the peripheral and ubiquitous nerw- 
fibres ; with their terminal apparatus, the 
sense-organs, etc., they constitute the 
conducting -marrow or peripheral nervous 
system. Some of them — the sensorj- 
nerve-fibres — conduct the impressions 
from the skin and other sense-organs to 
the central marrow ; others—the motor 
nerve-fibres—convey the commands of the 
wall to the muscles. 

The central nervous system or central 
marrow (medulla centralis) is the real 
organ of psychic action in the narrower 
.^ense. However we conceive the intimate 
connection of this organ and its functiens, 
it is certain that its characteristic actions, 
which w’e call sensation, will, and thought, 
are inseparably dependent on the normal 
development of tlie material or^an in 
man and all the higher :mimals. We 
must, therefore, pay particular attention 
to the evolution of the latter. As it can 
give us most important information re¬ 
garding the nature of the “ soul,” it should 
be full of interest. If thccentrtd marrow 
developes in just the same way in the 
human embryo as in the embryo of the 
other mammals, the evolution of the 
human psychic, organ from the central 
, organ of the other mammals, and through 
them from the lower vertebrates, must be 
beyond question. No one can doubt the 
momentous bearing of these embryonic 
phenomena. 

In order to understand them fully we 
must first say a word or twb of the general 
form and the anatomic composition of the 
mature human central marrow. Like 
the central nervous system of all the 
other Craniotes, it consists of two parts, 
the head-marrow or brain (medulla capitis 
.or encephalon) and the spinal-marrow 
(medulla spinalis or notomyelon). The 
one is enclosed in the bony skull, the 
other in the bony vertebral column. 
Twelve pairs of cerebral nerves proceed 
from the brain, and thirty-one pairs of 
spinal nerves from the spinal cord, to the 
rest of the body (Fig. 171). On general 
anatomic investigation the spinal marrow 
is found to be a cylindrical cord, with a 
Spindle-shaped bulb both in the region 
of the neck above ,(at the last cervical 
vertebra) and tlie region of Uie loins (at 
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the first lumbar vertebra) below (Fig. 
291). At the cervical bulb the strong 
nerves of the upper limbs, and at the 
lumbar bulb those of the lower limbs, 
proceed from the spinal cord. Above, the 
latter passes into the brain through the 
medulla oblongata (Fig. 291 nui). The 
spinal cord .seems to be a thick mass of 
nervous matter, but it has a narrow canal 
at its axis, which passes into the further 



Fro. 2«)o. Fii 

Fio. 290.— Human embryo, Hiri ntlrs old, 
nntiir.il si7f, I'roiii llic dorsri! sidi-: lirain .ind spinal 
cord c-.vp<iscd. (t*'roni KoUiker') t'crcbral nomi- 
splu-rcs (lore br;iin), «; corpora qii.ad ig-omina (middle 
brain), r ciTcbolliini (hind brain); under tho latter is 
ilu: trianfful.ar nu-dnll.a oblontfal.i (.jltcr brain). 

I Fin 391 - Central marrow of a human embryo, 
four months old, natiiriil sire, from the back, (Froi 
' Kullikcr.) h larue hernisphen quadri|;emina, c 
ctTchclliim, mo mudull ' ngata • underneath it the 
spin.il cord. 

cerebral ventricles above, and filled, 
like these, with a clear fluid. 

The brain is a large nerve-mass, oc¬ 
cupying the greater part of the skull, of 
most elaborate structure, Ori general 
examination it divides into two parts, the 
cerebrum and cerebellum. The cerebrum 
lies in front and above, and has the 
familiar characteristic convolutions and 
furrows on its surface (Figs, 292, 293). 
On the upper side it is divided by a deep 
longitudinal fissure into two halves, the 
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cerebral hemispheres; these are connected \ 
by the corpus callosum. The large j 
cerebrum is separated from I lie small j 
cerebellum by a deep transverse furrow. 
The latter lies behind and below, and 
has also numbers of furrows, but much | 
finer and more regular, with convolutions ; 
between, at its surface. 'I'he cerebellum j 
also is divided b\ ;i longitudinal fissure ' 
into two halves, the “ small hemispheres j 
these are conneiled by a worm-sh.iped 
piece, the vcrmi.v ccrcbclli, abo\e, and by 
the broad pous Varohi lielow (I'ig. 


from which the olfactory nerves start, and 
most of the structures that are found at 
the roof and bottom of the large lateral 
ventricles inside the two hemispheres, 
swch evn corpora St Haul. On the other 
hand, the optic thalami, which lie between 
the latter, belong to the second division, 
which developes from the “ intermediate 
brain”; to the same section belong the 
single third cerebral ventricle and the 
structures that are known ;is the corpora 
geniculata, the infundibulum, and the 
pineal gland. Behind these parts we 
iind, between the cerebrum and cercbel- 


17 .). 

But comparative anatomy and ontogeny 
teach us th.it in man and all the other 



Fk;. 31 ) 2 .-The human brain, sim fiom I>iIoh' 

(From //. Miyer ) Aliov,' (in Ironl) is tin ('irt'hiiim 
with its t’xli'iisiif 111 iiu'liintr liirnuis, bolow (licliirul) 
till' cerL'lii'lluni with ilsn.niow p.ir.illiI Iiirroiis Tlu' 
Kom.iii nuinlH'rs iiulii .-III' i III- mots ol llii'Iwi'lvi.'pairs 
of I'lTebral ncrii's in .i mtu's tow.irils the le.ir. 

Craniotes the brain is at first composed, 
not of these two, but of three, and .after¬ 
wards five, consecutive parts. These are 
found in j\,vst the s.ime form -as fi\e con¬ 
secutive vesicles in the cmhiaoof all the 
Craniotes, from the C\i. lostoma and fishes 
toman. But, however much they agree 
in their rudimentary condition, they dilfer 
considerably afterw.irds. In man and 
the higher mammals the first of these 
ventricles, thecerebium, grows so much 
that in its nuiture condition it is by far 
the largest and heaviest part of the brain. 
To it belong not only the large hemi¬ 
spheres, but also the corpus callosum 
that unites them, the olfactory lobes, 


lum, a small g.inglion composed of two 
prominences, which is called the corpus 
quaiiri}^rminum t>n account of a superficial 
transverse lissme cutting across (Figs. 
21)0 2()i 7 '). .\lthough this quadri- 

geminum is verv insignificant in man and 
the higher mammals, it forms a special 
third section, greatly developed in the 
lower vertebr.ites, the “middle brain.” 
The fourth section is the “ hind-brain ” or 
little br.iin (cerebellum) in the narrower 
sense, with the single meilian part, the 
7<rrnns\ and the pair of l.iteral parts, 
the “sm.ill hemispheres” (Fig, 2qi f). 
Fin.illy, we have the fifth and last section, 
the medulla ohlonc^ata (Fig. 2c)i md), 
which cont.'iins the single fourth cerebral 
c.'ivilv and the contiguous parts (pynimids, 
oliv.u y bodies, corpora restiformi.-i). The 
medulla oblong.ita passes str.iight into 
the medulla spinalis (spinal cord). Tlie 
narrow central c.anal of the spinal cord 
continues above into the quadningular , 
fourth cerebral cavitv of the medulla 
j oblongata, the floor of which is the quad¬ 
rangular depression. From herea narrow 
duct, called “the aqueduct of Sylvius,” 
passes through the corpus quadri- 
geminum to the third cerebral v’entricle, 
which lies belvwen the two optic thalami; 
and this in turn is connected with the 
pairs of lateral ventricles which lie to the 
right and left in the large hemispheres. 
'I'hus all the cavities of the central marrow 
are directly interconnected. All these 
parts of the brain have :m infinitely com¬ 
plex structure in detail, but we cannot go 
into this. Although it is much more 
elaborate in man and the higher Verte¬ 
brates than in the lower classes, it de¬ 
velopes in them all from the same rudi¬ 
mentary structure, the five simple cerebral 
vesicles of the embryonic brain. 

But before w'e consider the development 
of the complicated structure of the brain 
from this simple series of vesicles, let 
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us glance for a moincnl at the lower 
animals, wliich have no brain. Even in 
the skull-less vertebrate, the Amphiox.us, 
we find no independent brain, as v\e have 
seen. The whole centnil marrow is 
merely a simple cylindrical cord wliich 
runs the length of the body, and ends 
equally simply tat both cKtremities -a 
plain medullary tube. All that we can 
discover is a small vesicular bulb at the 
foremost part of the tube, a degenerate 
rudiment of a primitive bniin. VVe meet 
the same simple medullary tube in the 
first structure of the ascidia l.irva, in 
the same characteristic position, above 
the chorda. On closer ex.nnination we 
find here also .i small vesicular swelling 
at the fore end of the tube, the 
first trace of a dilTerenti.ition 
of it into brain ;ind spinal 
cord. It is probable that 
this differentiation was more 
advanced in the extinct I’ro- 
V'ertebr.'itcs, and the brain- 
bulb more pronounc ed (Kigs. 

98-102). The brain is phylo- 
genetically older than the 
spinal cord, as the trunk was 
not developed until after the 
head. If we consider the 
undeniable affinity of the 
Ascidice to the W'rm.ali.'i, and 
remember that w'e can trace 
all the Chordonia to lower 
Vermalia, it seems probable 
that the simple central marrow 
of the former is equiv.ilent to 
the simple nervous ganglion, 
which lies above the gullet 
in the lower worjns, and has 
long been known .is the 
“ upper pharyngeal ganglion ” 

(f^anglion pharyngcum supe- 
ritts): it would be better to call it the 
primitive or vertical brain (acroganglion). 

Probably this upper pharyngeal gang¬ 
lion of the lower worms is the structure 
from which the complex central marrow 
of the higher animals has been evolved. 
The medullary tube of the Chordonia has 
been formed by the lengthening of the 
vertical brain on the dorsal side. In all 
the other animals the central nervous 
system has been developed in a totally 
different way fi'om the upper pharyngeal 
ganglion; in the Articulates, especially, 
a pharyngeal ring, with ventral marrow, 
has been added. The Molluscs also htave 
a pharyngeal ring, but it is not found in 
the Vertebrates. In these the central 


marrow has been prolonged down the 
dorsal side ; in the Articulates down, 
the ventral side. This fact proves of 
itself that there is no direct relationship 
between the Vertebrates and the .Articu¬ 
lates. The unfortunate attempts to 
derive the dorsal marrow of the former 
from the ventral marrow of the latter 
have totally failed (cf. p. 219). 

When we examine the embryology of 
the human nervous system, we must start 
from the important fact, which we have 
already seen, that the first structure of it 
in m;m and all the higher V'ertebrates is 
the simple medullary tube, and that this 
sep.irates from the outer germinal layer 
in the middle line of the so'c-shaped 


embryonic shield. As the reader will 
remember, the straight medullary furrow 
first appears in the middle of the sandal¬ 
shaped embryonic shield. At each side 
of it the parallef borders curve over in the 
form of dorsal or medullary swellings. 
These bend together with their free 
borders, and thus form the closed medul¬ 
lary tulje (Figs. 1 J3-137). At first this 
tube lies directly underneath the horny 
plate ; but it afterwards travels inwards, 
the upper edges of the provertebral plates 
growing together between the horny 
plate and the tube, joining above the 
latter, and forming a completely closed 
canal. As Gegenbaur very properly 
observes, “ this gradual imbedding in the 



Fig. 21)2 -— The human brain, ''fcn frnin the U-fl. (From //. 
Afeyrr.) The furrows ol the ccTcbrum are indicated by thick, and 
those of the cerebellum by finer lines. Under the latter we can see 
the medulla oblonf'ala. frontal convolutions, C central con. 

volutions, .S' fissure of .Sylvius, T tempor.il furrow, Pa parietal 
lobes, An angular gyrus, Po parlcto-occipit.il fissure. 
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inner part of the body is a process 
fc acquired with tlie proj^rcssivc dilTcrciitia- 
lion and I he hi^licr potentiality that this 
secures ; by this process the orf^nn of 
f^reatcr wxlue to the org'anisin is buried 
within the frame.” (Cf. Fi^>fs, 143-146). 

Ill the (-yclostoma a .stat^'c above the 
Acrania the fore end of the cylindrical 
medullary tube begins early to expand 
into a pear-shaped vesicle; this is the 
first outline of an independent brain. In 
this way the central marrow of the 
Vertebrates divides clearly inti> its two 
chief .sections, brain and spinal cord. 
The simple vesicular form of the brain, 
which persists for .some lime in the 
t'yclostoma, is found .also .it first in all 
the higher Verlebr.iles (Kig. 153 ///>). 
Ilut in these it soon passes away, the one 
vesicle being divided into several succes- 
sivc parts by transverse constrictions. 
TJiere .ire first two of these constrictions, 



FlO 2^4 Flfi. ->1)4 FlO. jy(t. 

Fuis 2<)j jnt>. Central marrow of tho human 
embryo tiom IticscM’Hlli Wi-ck. ,1 mdi Inns'. (J'rnin 
KoUiker.) Fl^;. 2i)(> Ii.icK ^ w nl ttic uIkiIi I'liibrvo ; 
br.iin ;iiul hpi'n.il inril c.xposrd. b'lj'. 2C)S Iho lir.iiii uitb 
(111 iipptTinosl p.irl ol ihucmd. Imni IIil’ li’tt. b'lj' 2g4 
(In- br.tiii Ironi .'iboM'. f fort, bi.iin. a iiitcniK'Ji.'ilc 
bi.»iii, lu middle br.iin, h Innd brain, « after brain. 

dividing the brain into three consecutive 
vesicles (fore brain, middle brain, and 
hind brain, Fig. 154 7 ’, w, ^t). Then the 
first and third are sub-divided by fresh 
constrictions, and thus wc gel live suc¬ 
cessive sections fb'ig. 155). 

In all the Craniotes, from the Cyclo¬ 
stoma up to man, the same parts develop 
from those live original cerebral vesicles, 
though in very dilTerenl ways. The first 
vesicle, the fore brain (Fig. i 55 T')> fi'rms 
by far the largest part of the cerebrum 
namely, the large hemispheres, the olfac¬ 
tory lobes, the corpora striata, the calkv 
sum, and the fornix. From thesecond vesi¬ 
cle, the intermedi.'itc brain (cj, originate 
especiallythcoptic thalanii, the other parts 
that .surround I he third cerebral ventricle, 
and the infundibulum and pineal gland. 
The third vesicle, the middle brain (m), 
'produces the corpora quadrigeminu and 


the aqueduct of Sylvius. From the fourth 
vesicle, the hind brain (hj, developes Jthe 
greater part of the cerebellum—namely, 
the vernm and the two small hemispheres, 

I Fin.'illy, the fifth vesicle, the after brain 
I (/i), forms the medulla oblongata, with 
tlie iiuadrangular pit (the floor of the 
fourth ventricle), tlie pyramid.s, olivary 
bodies, etc. 

We must certainly regard it as a com¬ 
parative-anatomical and ontogenetic fact 
of the greatest significance that in all the 
Cranioles, from the lowest Cyclostomes 
,md fishes up to the apes and man, the 
br.'iin developcs in just the s.amc \i'ay in 
the embryo. 'J'bc first rudiment of it is 
always a simple vesicular enlargement of 
the fore end of the medullary tube. In 
every casi-, first three, then five, vesicles 
develop froin this bulb, and the perma¬ 
nent brain with all its complex anatomic 
structures, of so great a variety in, the 
v.'irioLis classes of Vertebrates, i.s formed 
from the five primitive vesicles. When 
we comp.'ire the mature brain of a fish, an 
ampbiliian, a reptile, a bird, and a 
mammal, it seems incredible that we can 
trace the various parts of these organs, 
that differ .so much internally and exter¬ 
nally, to common types. Yet all these 
different Craniote brains have started 
with the .s;inie rudimentary structure. 
To convince ourselves of this we have 
only to compare the corresponding stages 
of deielopineiil of the embryos of these 
different aniiwuls. 

This conipiirison is extremely instruc¬ 
tive. If we extend it through the whole 
scries of tlie CVaniotes, we soon discover 
this interesting fact : In the Cyclostomes 
(the Myxinoidaand Petroiiiyzonta), which 
we have recognised .as the lowest and 
earliest Craniotes, the whole brain remains 
throughout life at a very low stage, which 
is very brief and passing in the embryos 
of the higher Craniotes; they retain the 
five original sections of the brain un¬ 
changed. In the fishes we find an 
essenli.al and considerable modification of 
tlie five vesicles ; it is clearly the brain of 
the Selachii in the first pltice, and sub¬ 
sequently the brain of the Ganoids, from 
which the brain of the rest of tlie fishes 
on t he one hfind and of the Dipneusts and 
Amphibia, and through these ofthehigher , 
Vertebrates, on the other hand, must ^ 
derived. In the fishes and Amphibia 
(b'ig. 300) there is a preponderant de¬ 
velopment of the middle brain, and also • ■ 
the after brain, the first« second, and ^ 
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fourth sections remaining very primitive. 
It is just the reverse in the higher Verte- 
hrates, in which the first and third 
sections, the cerebrum and cerebellum, 
are exceptionally developed ; while the 



Fio. 297.— Head of a chick embryo (^l.^l(■lu J filiy- 

eijfht hours), from llu* baik. mapnifioil lortj (1111 s. 
(hrom Mihalkm’irt.) anU-rior \\:ill ol iIk- I'oif 

brain, vh its vcntricli'. on optio m'siiU-s, in/i iniildlc 
brain, kh hind biain, nh after /i- heart (seen iroin 

below), wa vitelline veins, »>• priinitnc se^nii'iit, > )n 
spinal cord. 

middle brain and after brain remain 
small. The corponx ciuadrigemina are 
mostly covered by the cerebrum, and the 
oblongata by the cerebellum. But we 
find a number of stages of development 
within the higher Vertebrates themselves. 
From the Amphibia upw’ards the brain 
(and with it the psychic life) dcvelopes 
in two different directions ; one of these 
is followed by the reptiles and birds, 
and the other by the mammals. The 
development of the first section, the fore 
brain, is particularly characteristic of the 
mammals. It is only in them that the 
cerebrum becomes so large as to cover all 
the other parts of the brain (Figs. 293, 
301-304). 

Tliere are also notable variations m the 
relative position of the cerebral vesicles. 
In the lower Craniotes they lie originally 
almost in the same plane. When we 
examine the brain laterally, we can cut 
through all five vesicles with a straight 
line. But in the Amniotes there is a con¬ 
siderable curve in the brain along with 
the bending of the head and neck; the 
whole of the upper dorsal surface of the 


brain developes much more than the 
under ventral surface. This causes a 
curve, so that the parts come to lie as 
follows : The fore brain is right in front 
and below, the intermediate brain a little 
higher, and the middle brain highest of 
all ; the hind brain lies a little lower, and 
the after brain lower still. VV’e find this 
only in the Amniotes--the reptiles, birds, 
and mammals. 

Thus, while the brain of the mammals 
agrees a good deal in general growth 
with that of the birds and reptiles, there 
are some striking differences between 
the two. In the .Sauropsids (birds and 
reptiles) the middle brain and the middle 
part of the hind brain are well developed, 
in the mammals these parts do not grow, 
and the fore-brain developes so mucli that 
it overlies the other vesicles. As it con¬ 
tinues to grow towards the rear, it ;it la.sl 
covers the whole of the rest of the brain, 
and also encloses the middle parts from 


A 



Fir. 298. Fig. 299. 


Fir. 298.- Brain of three cranlote embryos in 

viTtic.nl section. A of a shark (HeptarchusJ, If of a 
serpent ( Coluber), C of a goat (Capra), a fore brain, 
b intermediate brain, c middle brain, d hind brain, e 
after brain, .s primitive cleft. (From Gegeubaur.) 

Fir. 299.- Brain of a shark (Scyllmm), back 
view, g fore-brain, A olfactory lobes, which send the 
lai^e olfactory nerves to the nasal capsule fo), d inter¬ 
mediate brain, b middle brain ; behind this the insigni¬ 
ficant structure of the liind brain, a after brain. (From 
Gegenbaur.) 

the sides (Figs. 301-303). This process 
is of great importance, because the fore 
brain is the organ of the higher psychic 
life, and in it those functions of the nerve- 
cells are discharged which we sum up ir 
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tlie word “boul.” Tht* hij^hest achieve¬ 
ments of the animal body the wonderful 
manifestations of consciousness and the 
complex molecular processes of thought— 
have their seal in the fore brain. We can 
remove the large hemispheres, piece by 



Fio. 300.—Brain and spinal cord of the fhog. 

yl from tlic liors.il,/>' from the ventr.il side, n ollae- 
tory lobes betore the f ifij lore br;iiii, i intundibiihim .-it 
the Ivise of the iiitermedi.'ite hr.iiii, r middle bi.iin, 
hind brain, s ijiiadi angular i>il m the .alter brain, . 
spinal cord (very short m the fiogj, ?n' roots ol the 
spinal nerves, / terminal fibres ol the spinal eord. 
(From 



Fig, 301,—Brain of an ox-embryo, two inches m 
length. (From Mihnlk-orns, in.ignilied thiee times.) 
Lolt view : the l.iter.'il nail of the left hem phere has 
been removed, .v/ eorpoia striat.i, n I Monrs'-foramen, 
av arteri.d plexus, 'i/i .\ininon's hoin, mh middle brain, 
kh eerehelhim, c/ti roof of the lourth ventricle, bh pons 
V.'irolii, till medulla ohlongat.a. 

piece, from the mamm:il witliout killing 
It, and we then sec how the higher func- 
lion.s of consciousness, thought, will, and 
.sensation, are gradually destroyed, and 
ill the end completely e.xtinguished. If 
the animal is fed artificially, it may be 


kept alive for a long time, as the destruc¬ 
tion of the psychic organs by no means 
involves the extinction of the faculties of 
digestion, respiration, circulation, urina¬ 
tion-in a word, the vegetative functions. 
Tl is only conscious sensation, voluntary 
movement, thought, and the combination 
of various higher psychic functions th^kt 
are affected. 

The fore brain, the organ of these 
functions, only attains this high level of 
development in the more advanced 
riacent.ils, and thus we have the simple 
explanation of the intellectual superiority 
of the higher inainmals. The soul of 
most of the lower Placenlals is not much 
.above that of (he reptiles, but among the 
higher Placentals we find an uninter¬ 
rupted gradation of mental power up to 
the apes and man. In harmony with this 
we find an astonishing variation in the 



I’m. 302.—Brain of a human embryo, twelve 
weeks old (Fmiii .l/iArt/Xw/f s', n.aUii.Tl size.) Seen 
Inim bc'liiiid and .•ibo\ c. ms in.inllc-fiirmw, mb corpora 
iluadrigeiniiiM(middle br.iin), 7'.v .interior medullary ala, 
bb cerebellum, 7>7' fourth ventricle, 11 a medulla oblon- 
g.ita. 

degree of development of their fore brain 
not only cjualitatively, but also quantita¬ 
tively. The mass and weight of the brain 
are much greater in modern mammals, 
,md the differentiation of its various parts 
more important, than in their extinct 
Tertiary ancestors. This can be shown 
paleontogically in any particular order. 
The brains of the living ungulates arc 
(relatively to the size of the body) four to 
six times (in the higbc.st groups even 
eight times) as large as those of their 
earlier Tertiary ancestors, the well-pre¬ 
served skulls of which enable us to deter¬ 
mine the size and weight of the brain. 

In the lower mammals the surface of 
the cerebral hemispheres is quite .smooth 
and level, as in the rabbit (Fig. 304). 
Moreover, the fore brain remains ’ so 
small that it does not cover the middle 
brain. At a stage higher the middle 
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brain is covered, bul the hind brain 
remains free. Finally, in tlie apes and 
man, the latter also is covered by the fore 
brain. We can trace a similar jj^radual 
development in tlie fissures and convolu- 




'.7 


tion has discovered that this is not the 
case, but that the characteristic features 
ol the human brain are found in a rudi¬ 
mentary form in (he lower apes, and 
are more or less full\ de\eloped in the 
hitcher apes. Huxley has 
con\incinj.;Iy shown, in his 
Jilin's J'hiic in Nnlurc 
(iS(\^), that the diU'erences 
in (he formation of the 
brain williin tlie ape-t^roup 

- constitute a deeper {fulf 

betv\een the lower and 
i a8 — higher apes tlian be- 

y_ ml, tween the hij^her apes and 


Fig. 303. -Brain of a human embryo, twcntj -four wLtk olj, Ii.iIm.i 

in the median plane: luinis]ilu‘io veen Ironi inside. (Fioin Afihaf- 

X’tfTvVa*, iiaUiral si/c.) rn ollaetoiv ner\e Z#' funnel ot the intermediate 
brain, v( anterior commissure, m/ Monro-foiMinen, lorniv. //•» trans- 

f iarcnl sheath, A/corpus callosuni, hr fissure at its hi»rder, //v oei ipital 
isstue. zh cuneus, sf occipital I r.insA ei sc lissuie, pineal (^laiul. wh 
corpora quadrij^einina, kh eercbelUiin. 


tions that are found on the surface of the 
cerebrum of the hi^lier manimals (Fiji's. 
292, 293). If we compare different ijroups 
of mammals in rct^ard to these fissures 
and convolutions, we find that their de¬ 
velopment proceeds step by step 
with the advance of mental life. ,A 

Of late years j;reat attention has 
been paid to this special branch of 
cerebral anatomy, and very strikiiif^ 
individual differences ha\e been 
delected within the limits of the 
human race. In all human bein}.(s 
of special gifts and high inlelli- ^ 

gcncc the convolutions and fissures J 
are much more developed than in . ’ 
the average man ; and llie}^ are more 
developed in the latter than in Idiots 
and others of low mental capacity. 
There is a similar gradation 
among the mammals in tlic internal 
structure of the fore brain. In par- p 
ticular the corpus callosum, that fmi 
unites the two cerebral hemispheres, r 
is only developed in the Placentals. 
Other structures—for instance, in htn 
the latenil ventricles—that seem 
at first to be peculiar to man, 
are also found in the higher apes, 
and these alone. It was long thought 
that man had certain distinctive organs 
in his cerebrum which were not found in 
any other animal. But careful examina¬ 


-- Hi Thecomparaliveanatomy 

iind physiology of the brain 
of tlie higher and lower 
inamniiils are very instruc- 
c-.k !''y- iniportanl 

(Fioin Afihiti- tnlornialion m connection 

111- iiiiernii'diaic with the chief uuesllons of 

i,rniv. c/f tr.ins- • , ‘ 

.r. /m .us,pit.,l psychology. 

ic.il h'laiul, mh The Central marrow 
(brain and spinal coid) 
developes from the medul¬ 
lary tube in man just as in all the other 
mammals, and the same applies to the 
conducting marrow or “peripheral ner¬ 
vous system.” It consists of the srnsory 
nerves, wliich conduct centrlpelally the 



■a 



Fir. 304. -Brain of the rabbit. A from the dorsal, B 
from ttic ventral side. lo oll.ietory lubeh, / fore brain, A 
bvpopliysis at tlic b.ase ot llic intermediate brain, I/I middle 
I,ram, /(-'hind brain, I' after brain, 2 jiptie nerve, J oculo¬ 
motor nerve. y-Acerebral ner\es. In .'f the roof of the ripht 
hemisphere (I) removed, so that we c.in sec the corpora 
striata in the lateral ventricle. (From Gegenbaur.) 


impressions from the skin and ihe sense- 
organs to the central marrow, and of the 
motor nerves, which convey centrifugally 
the movements of the will from the central 
marrow to the muscles. All these 
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peripheral nerves grow out of the medullary 
tube (Fig. 171), and are, like it, products 
of the skin-sense layer. 

The complete agreement in the struc¬ 
ture and development of the ps3’chic 
organs which we lind between nmn and 
the highest maniinals, and Avhich can 
only be explained by their common origin, 
is of profound importance in the monistic 
psychology. This is only seen in its full 
light wlien ^^e compare these mc^rpho- 
logical facts with the corresponding 
physiological phenomena, and remember 
that every psychic action requires the 
complete and normal condition of the 
correlative brain structure for its full and 
normal exercise. The very complex mole¬ 
cular movements inside the neural cells, 
which we describe comprehensively as 
“the life of the soul,” can no more exist 
in the vertebrate, and therefore in man, 
without their organs than the circulation 


without the heart and blood. And as the 
central marrow developes in,^man from 
the same medullary tube as that of the 
other vertebrates, and as man shares the 
characteristic structure of his cerebrum 
(the organ of thought) with the anthro¬ 
poid apes, his psychic life also must have 
the same origin as theirs. 

if we appreciate the full weight of these 
morphological and physiological facts, 
and put <1 proper phylogenetic interpreta¬ 
tion on the observations of embryology, 
we see th.at the older idea of the personal 
immortality of the human soul is scienti¬ 
fically untenable. Death puts an end, in 
man as in any other vertebrate, to the 
physiologic.il function of the cerebral 
neurona, the countless microscopic gang¬ 
lionic cells, the collective activity of which 
is known as “the soul.” 1 have shown 
this fully in the eleventh chapter of my 
Riddle of the Universe, 


Chapter XXV. 
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The sense-organs are indubitably among 
the most important and interesting parts 
ot the human body ; they are the organs 
by means of which we obtain our know- 
ii-'dgeof objects in the surrounding world. 
NihiJ est in intcUectu quod nonprins fuerit 
in sensu. They arc the first sources of 
the life of the soul. There is no other 
part of the body in which we discover 
such elaborate anatomical structures, 
co-operating with a definite purpose; and 
there is no other organ in which the 
wonderful and purposive structure seems 
so clearly to compel us to admit a Creator 
and a preconceived plan. Hence we find 
special efforts made by dualists to draw 
our attention here ty the “wisdom of the 
Creator ” and the design visible in his 
works. As a matter of fact, you will 
discover, on mature reflection, that on 
this theorj’ the Creator is at bottom only 
playing the part of a clever mechanic or 
watch-maker; all these familiar teleo-< 
logical ideas of Creator and creation are 


based. In the long run, on a similar 
childlike anthropomorphism. 

However, we must grant that at the 
first glance the teleological theory seems 
to give the simplest and most satisfactory 
explanation of these purposive structures. 
If we merely examine the structure and 
functions of the most advanced sense- 
organs, it seems impossible to explain 
them without postulating a creative act. 
Yet evolution shows us quite clearly that 
this popular idea is totally wrong. With 
its assistance we discover that the pur¬ 
posive and remarkable sense-organs were 
developed, like all other organs, without 
any preconceived design—developed by 
the .same mechanical process of' natural 
selection, the same constant correlation of 
adaptation and heredity, by which^ the 
other purposive structures in the animal 
frame were slowly and gradually brought 
forth in the struggle for life. 

Like most other Vertebrates, man has 
si.\ sensory organs, which serve for eight 
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different classes of sensations. The skin 
serves foi^ sensations of pressure and 
temperature. This is the oldest, lowest, 
and vafjuest ol the sense-orj^.ins ; it is 
distributed over the surfaee of the bodj. 
The other sensory activities are localised. 
The .sexual .sense is btmnd up with t he skin 
of the exiernal sexual Oif^.ins, the sense 
of taste with the mucous lininjj^ of the 
mouth (tongue and pal.ite), ;md the sense 
of .smell with the mucous liiiinf^ of the 
nasal ca\ity. For the t\\ o most ad\.meed 
and most hiL,dil\ differeiUi.ited sensory 
functions there are special arid \er\ 
elaborate mechanic.i! structures- the eye 
for the sense of sip;-ht, and the ear for the 
sense of heariiij.j and space (etiuilibrium). 

Compiirative .'in.'ilomv and ph\sioloj.;y 
teach us that there are no dillerenti.ited 
.sense-organs in the lower animals ; all 
their sensations are received by the sur¬ 
face of the skill. The undifferentiated 
skin-Iaycr or ectoderm ot the tiastnea is 
the .simple stratum of cells from which 
the differentiated sense-ort^.iiis of all the 
Metazoa (includinj^^ the Vertebr.ites) have 
been evolved. St.artinjr fi om the assump¬ 
tion that necessaril} only the snper'icial 
parts of the bod\, which are in direct 
touch with the outer world, could be con¬ 
cerned in the orij^in of sensations, we can 
.see at once that the sense-orj^'.uis ,ilso 
must have arisen there, d’his is reallv 
the case. The chief part of all the sense- 
organs orij^inates from the skin-sense 
layer, partly directly from the horny 
plate, partly from the brain, the foremost 
part of the medull.iry tube, after it has 
separated from the horny plate. If we 
compare the embrj'onic clevelopment of 
the various seiise-ort^ans, we .see that 
they all make their appearance in the 
simplest conceivable form ; the wonderful 
contrivances that make the higher .sen.se- 
organs among the most remarkable and 
elaborate structures in the body develop 
only gradually. In the phylogenetic ex¬ 
planation of them comparative anatomy 
and ontogeny achieve their greatest 
triumphs. Hut at first all the sense- 
organs are merely parts of the skin in 
which sensory nerves expand. These 
nen’es themselves were originally of a 
homogeneous character. The different 
functions or specific energie.s of the 
differentiated .sense-nerves were only 
gradually developed by division of labour. 
At the same time, their simple terminal 
expansions in the skin were converted 
into extremely .complex organs. 


The great instructivencss of these 
historical facts in connection w’ith the 
life of the soul is not difficult to see. The 
whole philosophy of the future will he 
transformed as soon as psychology takes 
cognisance of these genetic phenomena 
and makes them the basis of its specula¬ 
tions. VVMien we examine impartially the 
manuals of psychology that ha\e been 
published by the most distinguished specu¬ 
lative piiilo.sophers and are still widely 
distributed, W'c are astonished at the 
naivetf'witli whiih the authors r.iise their 
airv met.iphy sical specul.itions, regardless 
of the momentous embryological tacts 
that completely refute them. Vet the 
science of evolution, in conjunction with 
the ‘great fahtince of the comparative 
anatomy and physiology of the sense- 
01 gans, provides the one sound empirical 
basis of a natur.d p.sychojogy. 



Fici .-loi;.—Head of a shark from tin- 

vciitial sidi*. m mouth, o (dfactory piN. rnas.il ^jroovu, 
// n.isal told in natural posi(u>ii, v' nas.d told drawn up. 
(Ttic dt^ts an* opcnmtfs ol llic mucous can.ils.) (From 
(^Tgvnbaur ) 

In respect of the terminal expansions 
of the sensory nerves, W’e can distribute 
the human .sense-organs in three groups, 
w'hich correspond to three stages of de¬ 
velopment. The first group comprises 
those organs the nerves of whicli spread 
out quite simply in (he free surface of the 
skin itself (organs of the sense of pres¬ 
sure, warmth, and sex). In the second 
group the nerves spread out in the mucou.s 
coat of cavities which are at first depres¬ 
sions in or invaginations of the skin 
(organs of the. .sens^ of smell and taste). 
The third group is formed of the very 
elaborate organs, the nerves of which 
spread out in an internal vesicle, sepa¬ 
rated from the skin (organs of the sense 
of sight, hearing, an4 space). 

There is little to be said of the develop¬ 
ment of the lower sense-organs. Wa 
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have already considered (p. 268) the 
or^fan of touch and temperatare in the 
skin. 1 need only add that in the corium 
of man and nil the hifrhcr Vertebrates 
countless mlcrn'icoplc scn’^c-or^nns de¬ 
velop, hut the j)recise rchiiion of these to 
the sensations of pressure or resistance, 
of warmth and t\)ld, has not j'et been 
explained. Origans ttf tliis kind, in or on 
which sensoiy ciilaneous nerves termi¬ 
nate, are tile “ tactile corpuscles” (or the 


canal to whicii these parts belong (Chap¬ 
ter XXVII.). I will only point out for 
the present that the mucous coat of the 
tongue and palate, in which the gustatory 
nerve ends, originates from a part of the 
outer skin. As we have seen, the whole 
of the mouth-cavity is formed, not as a 
part of the g'ut-tube proper, but as a pit¬ 
like fold in the outer skin (p. 139). Its 
mucous lining' is therefore formed, not 
from the visceral, but from the cutaneous 



Fio. Flo. 309. 

Fic.s. 3<i(> .»nd 307.— Head of a chick embryo, throe ilays otd : 30O front view, 307 from tlic ri(jht. « rudi¬ 
mentary no.'.e (oU'aetorv pits). / riidiinC'iitaiy e\ es (oi>tu- pits), nidinientary ear (.insciillory pit), v fore brain, jfl 
cyc-i'lcfi, o process ol uppi r i.iw. ii process of lower |.iw ol the first gill-.ireli. 

Fin. 3118.—Head of a chick embryo, four d.iys old. fiom below. « nas.d pit, o upper-j.iw process of the 
first pill-arcli, « lower-iaw piocess ol s-mie, X-' seroiid t;i)l-arch. .v^ choroid fissure ol eje, .v pullet 

I'uis. 309 and 310 -Heads of chick embryos : 31x3 from the end of the lourlh, 310 from the bcpinniiip of 
the fifth week I'.etters .is in Fip. 308, escept; «« inner, nn outer, n.'isal process, >// nasal furrow, si frontal 
process, /» month. (From Kolltkt r.) Fips. 30O-310 aie m.ipiiified to the same e.xtciit. 


Pacinian corpuscles) and end-bulbs. We 
find similar corpuscles in tlie orjjans of 
the sexual sense, the male penis and the 
femnle clitoris ; they are processes of the 
skin, the development of which we will 
consider later (together with the rest of 
the sexual parts. Chapter XXIX.). The 
evolution of the organ of taste, the tongue 
and palate, will also be treated later, 
together with that of the alimentary 


layer, ai%d the taste-cells :it the surface of 
the tongue and p.ilate are not products of 
the gut-fibre layer, but of the skin-sense 
layer. 

This applies also to the mucous lining 
of the olfactory organ, the nose. How¬ 
ever, the development of this organ is 
much more interesting. Although the 
nose seems superficially to be simple and 
single, it really consists, in man and all 
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other Gnathostomes two coinpletclj’ 
separated halves, tlu ijjht and left ravi- 
lies. They arc divided by a vertical 
partition, so that the riijht nostril leads 
into the rii;ht cavity alone .ind the left 
r.ostril into the left cavity. Thev open 
internally (and scparatelj) by the posUTior 
nasal apertures into the pharynx, so that 
we can fret direct into the lifnllet throui^h 
the nasal passafjes without touchini^ the 
mouth. This is the wav the air usiialK 
p-'isscs in respiration ; the mouth beiiytj 
closed, it S'ot''' throuijh the nose into the 
ifullel, and throuf^h the larynx and 
bronchial tubes into the lunijs. The 
nasal cavities are separated iVom the 
mouth by the hoiizontal bony palate, to 
which is attached behind (as a dependent 
process) the soft palate with the uvula. 
In the upper and hinder parts of the nasal 
cavities the olfactory nerve, the lirst pair 
of cerebral nerves, expands in the mucous 
co;it which clothes tliem. The terminal 
branches of it spread partly over the 
septum (partition), partly on the side- 
walls of the internal cavities, to which arc 
attached the turbinated hones. These 
bones are much more developed in m.iny 
of the hlf^her in.immals than in man, but 
there are three of them in,iill marnm.als. 
The sensation of smell arises by the 
passag’c of a current of air containinjir 
odorous matter over the mucous lining; of 
the cavities, and stimulating the olfactory 
cells of the nerve-endings. 

Man has all the features wdiicli distin- 
g^uish the olfactory origan t>f the mammals 
from th.at of the lower Vertebrates. In 
all essential points the human nose 
entirely resembles that of the Catarrhine 
apes, some of which have quite a human 
external nose (compare the face of the 
long-nosqd apes). However, the lirst 
structure of the olfactory orj^an in the 
, human embryo t^^ives no indication of the 
^ future ample proportions of our catar- j 
rhine nose. It has the form in wdiich we 
linu it permanently in the fishes—a couple 
of simple depressions in the skin at the 
outer surface of the head. We find these 
blind olfactory pits in all the fishes ; 
sometimes they lie near the eyes, some¬ 
times more forward at the point of the 
muzzle, .sometimes lower down, near the 
mouth (Fi|^. 249). 

This first rudimentary structure of the 
double nose is the same in all the Gnatho¬ 
stomes ; it has no connection with the 
primitive mouth. But even in a section 
of the fishes a connection of this kind 


[ betfins to make its appearance, a furre .. 

in the surface of the .skin running' from 
, each side of the nasal pit to the nearest 
corner of the mouth. This furrow, the 
nasal j^roove or furrow (I'i^". 305 ; ), is 
very impoitant. In many of the sh.nks, 
such .IS the Scvllium, ,i speci.il process of 
the Irontal skin, the n.isal fold or internal 
nasal process, is formed internally over 
the q^roo\e (u, n ). In contrast to thi.s 
the outer ed}.;e of the furrow rises in an 
“external nasal process.” .As the tvv'o 
processes meet and coalesce o\er the 



lot:, jn—Frontal section of the mouth and 
throat of a human embryo, nick h.ill-incl) lon^f. 
" Invi'iitcil’■ tj> H't/hrhn Jhs. Tlic viTlirnl section (in 
tile troiiUil pl.^m, Iroiii Icll to rit;tit) is so construitcJ 
lli.at ivi' siv till- n.'is.il piK 111 the iippi-r thiril ot the 
('l^^llre aiul tile eves at the sales ; in the iniilille thii^l 
(111 pninitiM* (fiillet with the jrill-clelts (ffill-arihes in 
section) . in (he lowi r third (lie pi-ctor.-il c.ivi(y with the 
bronchial tubes .and the riidiincntary liin^'H. 

nasal jjroove in the Dipneusts and Am¬ 
phibia, it is converted mto a canal, the 
nasal canal. Henceforth we can pene¬ 
trate from the external pits through the 
nasal canals direct into the mouth, which 
has been formed quite independently. In 
the Dipneu.sts and the lower Amphibia 
the internal aperture of the nasal canals 
lies in front (behind the lips) ; in the 
higher Amphibia it is right behind. 
Finally, in the |hree higher clas.se.s of 
Vertebrates the primary mouth-cavity is 
di\ ided by the formation of the horizontal 



*4 EVOLUTION OF THE SENSE-ORGANS 


palate-roof into two distinct cavities—the 
upper (secondary) nasal cavity and the 
Idwer (secondary) mouth-cavity. The 
nasal cavity in (urn is divided by the con¬ 
struction of the vertical septum into (wo 
halves—rij^ht and left. 

Comparative anatomy shows us to-day, 
in the series of the double-nosed Verte¬ 
brates, from the fishes up to man, all the 
different stages in the development of 
the nose, whicli the advanced olfactory 
organ of (lie higher m.'immals has passed 
through at vari<>us periods in the course 
of its phylogeny. It first appears in the 
cmbr3'o of m;ui .and the higher Verte¬ 
brates, in which the double lish-nose 
persists throughout life. At an early 
stage, before tliere is any tr.aci' of the 
characteristic human face, a pair of sm.all 
pits are formed in the he.ad mer tlie 
original mouth-cavity; ihehc were first 
discovered hy Baei", .and rightly called the 
“olfactory pits” (Figs. 30b «, 307 «). 



Fit;. Diagrammatic section of the mouth- 
nose cavity. Whilr thf p.il.i(e-platfs f/SJ divide lliL* 

(irig-inal riKnilli-favity into llio lower sefoiidary mouth 
(y//)iind the upper n:isal i.ivily, the l.itter in turn is 
dnided by the vertieal partition frj into .two halves 
(>i, 11J (Fioin iirfft’iit/aur.) 

These primitive nasal pits arc quite 
separate from the rudimentary mouth, 
which also originates as a pit-like de¬ 
pression in the skin, in front of the blind 
fore end of the gut. Both the pair of 
nasal pits and the single mouth-pit (Fig. 
310 nt) arc clothed with the horny plate. 
The original .separation of the former 
from the latter is, however, presently 
abolished, a process forming .above the 
mouth-pit—the “frontal process” (Fig. 309 
sf). Its outer edge rises to the right and 
left in the shape of two latenil proces.scs; 
these are the Inner nasal processes or 
folds (in). Opposite to these a parallel 
ridge is formed on either side between 
the eye and the nasal pit; these are the 
quter nasal processes (an). Thus be¬ 
tween the inner and outer nasal processes 
a groove-like depression is formed on 
either side, which leads from the nasal 


! pit tow.'ird.s the mouth-pit (m); this 
; groove is, as the reader will guess, the, 
' same nasal furrow or groove that we 
have already seen in the shark (Figj 
305 r). As the parallel edges of the inner 
and outer nasal processes bend towards 
each other .and join above the nasdl 
groove, this is converted into a tube, the 
primitive na.sal canal. Hence the nose df 
m.an and all the other Amniotes consists 
at this embryonic stage of a couple of 
narrow lubes, the nasal canals, which 
lead from the outer surface of the forehead 
into the rudimentary mouth. This transi¬ 
tory condition re.sembles that in which we 
find the nose permanently in the Dipneusts 
and Amphibia. 

A cone-shaped structure, which grows 
from below towards the lower ends of the 
two nasal processes and joins with them, 
plays an important part in the conversion 
of the open nasal groove into the closed 
canal. This is the upper-jaw process 
(Figs. 30b-310 (>). Below the mouth-pit 
are the gill-arches, which are separated 
by the gill-clefts. The first of these gill- 
arches, and the most important for our 
purpose, which we mayc.all the mrixillary 
(jaw) arch, forms the skeleton of the jaws. 
Abo\e .at the basis a sm.all process grows 
out of this first gill-arch ; this is the upper- 
jaw process. The first gill-arch itself 
devclopes a cartilage at one of its inner 
sides, the “Meckel c.artilage” (named 
after its discoverer), on the outer surface 
of which the lower jaw is formed (Figs. 
306-310 «). The upper-jaw process forms 
the chief part of the skeleton of that jaw, 
the palate bone, and the pterygoid bone. 
On its outer i^ide is afterwards formed the 
upper-jaw li6ne, in the n.arrower sense, 
while the middle part of the .skeleton of 
the upper jaw, the intermaxillary, de- 
velopes from the foremost part of tlie 
frontal process. 

The two upper-jaw processes .are of 
great importance in the further dei'elop- 
ment of the face. From them is formed, 
growing into the primitive mouth-cavity, 
the important horizontal partition (the 
palate) that divides the former into two 
distinct cavities. The upper cavity, into 
which the njisal canals open, now de- 
velopes into the nasal cavity, the air- 
passage and the organ of smell. Tlie 
low'er c.avity forms the perm.anent secon- 
darj' mouth (Fig. 312 /»), the food-§as- 
sage and the organ of taste. Both the 
upper and lower cavities open behind 
into the gullet (pharynx). The hard 
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palate that separates them is formed by 
the joining oi two lateral halves, the 
horizontal plates of the’ two uppcr^aw 
processes, or the palate-plates (p). 
When these dp not, sometimes, completely 
join in the middle, a longitudinal cleft 
remains, through which we can pene¬ 
trate from the mouth stiaight into the 
nasal cavity. This is the malformatit>n 
known as “wolf’s throat.” “Hare-lip” 
is the lesser form of the same defect. .At 
the same time as the horizontal partition 
of the hard palate a vertical partition is 
formed by wliich the single nasal cavity 
is divided into two sections—a right and 
left half (Fig. 312 «, «). 


1 *. 

skull, growing forwards from behind. 
The characteristic human nose is formed 
very late. Much stress is at times laid on 
this organ as an exclusive privilege of 
man. But there are apes that h.ave 
similar noses, such as the long-nosed ape. 

The evolution of the eye is not less 
interesting and instructive than that of 
the nose. Although this noblest of the 
sensory organs is one of the most 
elaborate and purposive on account of its 
optic perfection and remarkable structure, 
it nevertheless developes, without pre- 
concei\ed design, from a simple process 
of the outer germinal layer. The fully- 
formed human eye is a round capsule, the 



Fig. 313. Fro. 314. 

Figs. 313 .ind 314. -Upper part of the body of a human embryo, iwo-thirds of jh inch lon^, of the 
sixth week ; Fig 313 from the lett. Fig 314 from the front. The origin of the nose and the upper lip from two 
lateral and originally sep,irate halves can be clearly seen. Nose and upper lip are large in proportion to the rest 
of the face, and especially to the lower lip. (From Kollmann.) 


Th.'^ double nose has now acquired the 
characteristic form that man shares with 
the other marr-mals. Its further develop- 
ntent Is easy to follow ; it consists of the 
formation of the inner and outer processes 
of the walls of the two cavities. The 
external nose is not formed until long 
after all these essential parts of tlie 
internal organ of smell. The first traces 
of it in the human embryo are found 
about the middle of the second month 
(Figs. 313-316). As can be seen in any 
hui^an embryo during the first month, 
there is at first no trace of the external 
nose. It only developes afterwards from 
the foremost nasal part of the primitive 


eye-ball (Fig, 317). This lies in the bony 
cavity of the skull, surrounded by pro¬ 
tective fat and motor muscles. The 
greater part of it is taken up with a semi¬ 
fluid, transparent gelatinous substance, 
the corpus %utrcum. The crystalline lens 
ii fitted in(o the anterior surface of the 
ball (Fig. 317 /). It is a lenticular, 
bi-convex, transparent body, the most 
important of the refractive, media in the 
eye. Of this group we have, besides the 
corpus vitreum and the lens, the watery 
fluid (humor aqueusj that is found in 
front of the lens (at the letter m in Fig. 
317). These three transparent refractive 
media, by w’hich the rays of light that 
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enter the e^’e are broken up and re-1 
focussed, are enclosed in a solid- round ' 
capsule, composed of several different i 
coats, something like the eonecntrie i 
layers of an onion. The outermost and ! 



Fn.. ii.s. Face of a human embryo, si v» n wcoks 

o]J. (From Joiiiint'ot Ihf ii.isal proi'os'.o'. 

(<’ outiT, / iiiiii-r) witti llu' ii|ipi*r-j.iu proivss (o), n nasal 
w.ill, « c-ar-ciponiny. 

thickest of these, envelopes is the white 
scli'roiic coat of the eye. It consists of 
tough white connecti\e tissue. In front 
of the lens a circular, slrongly-cur\ ed, 
transparent plate is fitted into the 
sclerotic, like the glass of a watch - the 


ve.sicle) to the eye, penetrates its outer 
envelopes, and then spreads out like a net 
between the choroid and the corpus 
vitreum. Between the retina and the 
cdioroid there is a very delicate membrane, 
which is usually (but wrongly) associatecl 
with the latter. This is the black 
pigment-membrane (n). It consists of a 
single stratum of graceful, he.sagonal, 
rc'gularly-joined cells, full of granules of 
black colouring matter. This pigment 
membrane clothes, not only the inner 
surface of the choroid proper, but also the 
hind surface of its anterior muscular 
continuation, which covers the edge of 
the lens in front as .a circular membrane, 
and arrests the rays of light at the sides. 
This is the well-known iris of the eye 
(h), coloured ditferently in different 
individuals (blue, grey, brown, etc.) ; it 
forms the anterior border of the choroid. 
The circular opening tha! is left in the 
middle is the pupil, through which the 
rays c>f light penetrate into the eye. At 
the point wheiv the iris leaves the 
anterior border of the choroid proper the 
latter is ver\ thick, and forms a delicate 
crow’n of folds (j, which surrounds the 
edge of (he lens with .about seventj large 
and many sm.aller rays (cornua ciharis.) 

At a very early stage <a couple of pear- 
shaped vesicles develop from the foremost 
part of the first cerebr.il vesicle in the 
embrv’o of man and the other Cr.anlotes 
(Figs. 155 a, 2t)7 au). These growths are 
the primarv optic vesicles. They are .at 
1 iirst directed outvv.ards and forwards, but 


conu'a ( 1 ‘)- At its outer surface the | 
cornea is covered with a very thin layer 
of the epidermis ; this is known as the 
coiijuitctivn. It goes from the cornea over 
the inner surface of (he eve-lids, the upper 
and lower folds which we draw over the 
eye in closing it. At the inner corner of 
the eye we have a rudimentary organ in 
the shape of the relic of .a tliird (inner) 
eye-lid, which is greatly developed, as 
“nictitating (winking) membrane,” in 
the lower Vertebrates (p. 1,2). Underneath 
the upper eye-lid are the lachrymal 


presently grow downw.ird, so that, after 
the complete separation of the five 


cerebral vesicles, (hey 
lie at the base of the 
i n t ermediat e bna i n. I'he 
inner c.avities c>f these 
pear-.sh.aped v esicles, 
which scum att.iin :i 
considerable size, are 
openly connected with 
the ventricle of the 
intermedhite brain by 
their hollow stems. 



glands, the product of which, the 
lachrymal fluid, keeps the outer surface 
of the eye smooth and clean. 

Immediately under the sclerotic vve find 
a very delicate, dark-red membrane, very 
rich m blood-vessels—the choroid coat — 
and inside this the retina (o)^ the expan¬ 
sion of the optic nerve (i). The l.atter is 
the second cerebral nerve. It proceeds 
from the optic thalami (the second cerebral 


They are covered e.xter- 
nally by the epidermis. 

At the point where 
this comes into direct 
contact with the most 


Fig. -^iC> —Pace of 
a human embryo, 

ois'lil wtvks old 
(I'roin litkcr.) 


curved part of the primary' optic vesicle 
there is a thickening ( 1 ) and also a de- 
pres-sion (o) of the horny plate (Fig. 318, 
/). This pit, which w^e may call the lens- 
pit, is converted into a closed sac, the thick- 
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walled lens-vesicle (2, I), the thick edges 
of the pit joining together above it. In 
the same way in which the medullary 
tube separates from (he outer i*erminal 
layer, v\e now see this lens-sac sever itself 
entirely from the horny plate (h), its 
source of origin. The hollow of the sac 
is afterwards filled with the cells of its 
thick walls, and thus we get the solid 
crj'slalline lens. This is, therefore, a 
purely epidermic structure. Together 
with the lens (he small underl\ing piece 
of corium-plate also separates from the 
skin. 


formed about the secondary optjc vesicle 
and its stem (the secondary oplic nerve). 
It originates from the part of the head- 
plates which immediately encloses the 
eye. This fibrous envelope takes the 
form of a closed round \esicle, surround¬ 
ing the whole of the ball and pushing 
between the lens and the horny plate at 
its outer side. The round wall of the 
capsule soon divides into two dilferent 
membranes by surlace-cleavage. The 
inner membrane becomes the chonfid or 
vascular coat, and in front the cili.iry 
corona and iris. The outer membiatie is» 


As the lens separates from the 
corneous plate and grows inwards, 
it necessarily hollows out the 
contiguous primary optic vesicle 
(Fig. 318, i-j). This is done in 
just the same way as the inv agina¬ 
tion of the hlastula, which gives 
rise to the gastrula in the amphi- 
oxus (Fig. 38 f' F). Inbothc.iscs 
the hollowing of the closed vesicle 
on one side goes so far tliat at 
last the inner, folded part touches 
the outer, not folded part, and the 
cavity disappears. As in the gas¬ 
trula (he iirst part is converted 
into the entoderm iind the latter 
into the ectoderm, so in the in¬ 
vagination of the primary optii 
vesicle the retina f is formed 
from the first (inner) part, and 
the black pigment membrane 
( h) from the latter (outer, non- 
invaginated) part. The hollow 
stem of the primary optic vesicle 
is converted into the optic nerve. 
The lens (I), which has so 
important a part in this process, 
lies at first directly on the in- 
vaginated part, or the retina (r). 
liut they soon separate, a new 
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Fit:. 317.—The human eye in section. a sclerotic cont, b 
cornea, c coniunctiv.a, ti circular veins ot the iris, rtlioroid to.tt. / 
cili.'try muscle, s corcni.a ciliaris, h iris, t ofitic nerve. ^ anterior 
border of the retin.i. I cijslalline lens, m inner covering ot the 
cornea (atiueous iiicnibr.ine). u ingiiicnt iiicmbr.ine, o retina, P 
I’etit's canal, y >ellow sjiot ol tin retina. (From/AVw/Aofts.) 


structure, the corpus vitreum 
(^IJ, growing between them. While the 
lenticular .sac is being detached and is 
causing the Invagination of the primsiry 
optic vesicle, another invagination is 
taking place frtim below ; this proceeds 
from the superficial pfirt of the skin-fibre 
layer—the corium of the hetid. Behind 


converted into the wdilte protective or 
sclerotic coat in front, the transparent 
cornea. The eye is now formed in all its 
essential parts. The further development 
— the complicated dilferentiation and com¬ 
position of the various parts —Is a matter 
of detail. 


and under the lens a last-shaped process ^ 
ri.ses from the cutis-plate (Fig. 319 jtf), | 
hollows out the cup-shaped optic vesicle 
from below, and pres.ses between the lens 
f/J and the retina (i). In this way the 
optic vesicle acquires the form of a hood. 
Finally, a complete fibrou.s env'elope, 
the fibrous capsule of the eye-ball, is 


The chief point in this remarkable evo¬ 
lution of the eye is the circumstfince that 
the optic nerve, the retina, and the pig¬ 
ment membrane originate really frong a 
part of the brain - an outgrowth of the 
intermediate brain —while the lens, the 
chief refractive body, dcvelopes from the 
outer skin. From the skin—the horny 
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plate—also arises the delicate conjunctiva, 
which afterwards rovers the outer surface 
of the eyeball. The lachrymal jj^Iands are 
ramified j^rowlhs from the conjunctiva 
(Fig. 28f)). All these important parts t)r 



l-'u. ^iS Eye of the chick embryo in 

set lion (/. Iioin .mombryo sixtv-five hoiiis oM , j from 
>1 somewhat older embryo; tVom an cmhrjo tour das s 
\*ld). h homy pl.ile, o lens-jiil, / lens (in j. still part ol 
Oic epideimis, iiu. .-ind.^ separated Iroiii it), t tliukeii- 
iiiK ol the horny pl.ite at the point where the lens li.is 
severed itself, corpus Mtreiun, t retin.i, « pI^,'■nHnl 
membr.me (I'roin Krmak ) 

the e3'e are products of ihe outer germinal 
layer. The remaining parts -the corpus 
vitreuin (with the vascular capsule of the 
lens), the choroid (with the iris), and the 
sclerotic (with Ihe cornea)--arc formed 
from the middle germinal layer. 

The outer protection of the eye, the 
eye-lids, are merely folds of the skin, 
which are formed in the third month of 
human embryonic life. In the fourth 
month the upper eye-lid reaches the lower, 
and the eye remains covered with them 
until birth. As a rule, they open wide 
shortly before birth (sometimes only after 
birth). Our craniole ;inrestors had a 
third eye-lid, the nictitating membninc, 
which was drawn over the eye from its 
inner angle. It is still found in many of 
the Selachii and Amnioles. In the apes 
and man it has degenerated, and there Is 
now only a small relic of it at the Inner 
corner of the eye, the scmiluntir fold, a 
useless rudimentary organ (cf. p. 32). 
The apes and man have also lost the 
Harderian gland that opened under the 
nictitating membrane ; we find this in the 
rest of the mammals, and the birds, rep¬ 
tiles, and amphibia. 

The peculiar embrj’onic development of 
the vertebrate ej'e does not en;ible us to 
draw arty definite conclusions as to its 
obscure phylogeny; it is clearly ceno- 
genetic to a great extent, or obscured by 
the reduction and curtailment of Its 
original features. It is probable that 
many of the earlier stages of its phylogeny 
have disappeared without leaving a trace. 


It can only be said positively that thij 
peculiar ontogeny of the complicatedi 
optic apparatus in man follows just thei 
same laws as in all the other Vertebrates. 
Their eye is a part of the fore brain, which 
has grown forward towards the skin, not; 
an original cutaneous sense-organ, as in 
the Invertebrates. 

The vertebrate ear resembles the eye' 
and no.se In m;my important respects, but 
is different in others, in its development. 
The auscultory organ in the fully- 
developed man is like that of the other 
mamm.'ils, and especially the apes, in tjie 
m.'iin features. As in them, it consists of 
(wo chief parts—an apparatus for conduct¬ 
ing sound (external and middle ear) aiii^ 
an apparatus for the sensation of sound 
(internal ear). I'he external car opens in 
the shell at the side of the head (Fig. 
320 (i). From this point the external 
I’tissage (l>)y about an inch in length, 
leads into the he;id. The inner end of it 
is clo.sed by the t vmpanum, :i vertical, but 
not quite upright, thin membrane of an 
ovalsli.-ipef { J. Thistympanuin separates 
the external passage frtun the tympanic 
cavity (d). This is a small cavitj', filled 
with air, in the temporal bone ; it is con¬ 
nected with the mouth by a special tu,be. 


t A 
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Fiu Jill. - Horizontal transverse section of the 
eye of a human embryo, four weeks old 
one hundred times). (From Kolhker.) i leni. (the dark 
w.ill of which is as thick as the diameter of the central 
cavity), f corpus \itreiim (connected by a stem, z, with 
the corium), t> vascular loop (pressing behind the lens_ 
inside the corpus vitreuin by inc.ans of this stem jf). *' 
retina (inner th'ckcr, iniaginated layer of the prim.iry 
optic vesicle), a pigment membrane (outer, thin, non- 
ins aginated layer of same). A space between retina 
.^lltl pigment membrane (remainder ot the cavity of the 
primal y optic vesicle). 

This tube is rather longer, but much 
narrow'er, than the outer passage, leads 
inwards obliquely from the anterior 
wall of the tympanic cavity, and opens 
in the throat below, behind the nasal 
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" openings. It is called the Eustachian of sound, which receives the waves of 
^ube (i): it serves to equalise the pres- sound from the conducting apparatus, 
sure of the air within the tympanic consists in man and all other mammals 
cavity and the outer atmosphere that of a closed auscultory vesicle filled with 
enters by the external passage. Both fluid and an auditory nerve, the ends of 



which expand over the wall of this \esiile. 
The vibrations of the sound-waves ate. 
conveyed by these media to the nerve- 
endings. In the labjriiUhic water thak 
fills the auscultory \esicle there are small 
stonesat the points of entryof the acoustic 
neri'cs, which are composed of groups of 
microscopic calcareous crystals (otoliths)# 
The auscultory organ of most of the 
Invertebrates has subst.mti.djy the same 
composition. It usually consists of a 
closed vesicle, filled with fluid, and con¬ 
taining otoliths, with the acoustic nerve 
expanding on its wall. But, while tllfc 
auditory vesicle is usually of a I simple 
round or oval shape in the Invertebrates, 
it has in the Vertebrates .i special and 
curious structure, the labyrinth. This 
thin-membraned labyrinth is enclosed in 
a bony capsule of the same shape, the 
osseous labyrinth (Fig. and this lies 
in the middle of the petrous bone of the 
skull. The labyrinth is divided into two 
v'esiclcs in all the Gnafhostomes. The 


Fig. .-120.—The human ear (left (-.-ir, seen from tlu 
front, natur.il size), it shdt oi t-.ir. 6 ext rnat p:issaac, 
c tyinpanurn, tyinpanu c.avity, r Eu' tachian tube, 
y, h the three bones ol llie ear (yli.-iiiimer, ^.^n^il, 
h stirrup), / utricle, k the three semi-circular canals, 
I the sacculub, m cochlea, n auscultory m 

the Eustachian tube and the tympanic 
cavity are lined with ti thin mucous 


larger one is called the utricvlus, and 
has three arched appendages, tailed the 
“ semi-circular canals ” (r, d, e). The 
smaller vesicle is called the saccu/us, and 
is connected with a peculiar appendage, 
with (in man and the higher mammals) 
a .spiral form something like a snail’s 
shell, and therefore called the cochlea 
(— snail, b). On the thin wall of this 


coat, which is a direct continuation of the delicate labyrinth the acoustic nerve, 
mucous lining of the throat. Inside the | which comes from the after-brain, spreads 
tympanic cavity there are three small out in most elaborate fashion. It divides 
bones which are known (from their shape) into two main 

as the hammer, anvil, and stirrup (Fig. branches — a coch- 

320, f, g', h). The hammer (f) is the lear nerv'^e (for the 

outermost, next to the tympanum. The cochlea) and a ves- 

anvil (g) fils between the other two, tibular nerve (for the 

above and inside the hammer. The restofthclabyrinth). 

stirrup (h) lies inside the anvil, and The former seems to 

touches w'ith its base the outer wall of have more to dowith ia*byp?nth^*'of *t*he 

the internal ear, or auscultory vesicle, thequality, the latter human ear flefi side). 

All these parts of the external and middle with the quantity, of Anterior 

ear belong to the apparatus for conduct- tlie acoustic sensa- fanab^^^outer "canal 

ing sound. Their chief task is to convey tions. Through the oval fenestra, g round 

the waves of sound through the thick cochlear nerves we lenestra. Afeyer.) 



wall of the head to the inner-lying auscul- 
^tory vesicle. They are not found at all in 
the fishes. In these the waves of sound 
are conveyed directly by the wall of the 
head to the auscultory vesicle. 

The internal apparatus for the sensation 


learn the height and 

timbre, through the vestibular nerves the 
intensity, of tones. 

The first structure of this highly elabo¬ 
rate organ is very simple in the embryo 
of man and all the other Craniotes ; it is a 
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pit-like depression in the skin. At the 
back part of the head at both sides, near 
the after brain, a small thiekeiiinjf of the 
horny plate is formed at the upper end 
of the sea)nd j^ill-cleft 322 A Jl). 

This sinks into a .sort of pit, and severs 
from the epidermis, just as the lens of 
the eye does. In this way is formed at 
each side, directly under ihe horny plate 
of the back part of the head, a small 
, vesicle filled with fluid, the primitive 
auscultory vesicle, or the primary laby¬ 
rinth. As it separates from its source, 
the horny plate, and presses inwards and 
backwards into the skull, it chanj^es from 
■ round to pear-shaped (Fif^s. 322 li h, 
323 o). The outer part of it is Icnfjfth- 
lyied into a thin stem, which at first 
sTill opens outwards by a narrow 
canal. This is the labyrinthic appenda^^e 
(Fiff. 322 h). In the lower Vertebrates 
it dcAclopes into a special cavity tilled with 

/ /; ' n 
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formed in the shape of simple pouch-like 
involutions of the utricle (rsc and esfiJ. 
The edf^es join toj^ethcr in the middle 
part of each fold, and separate from the 
utricle, the two ends remaininjj^ in open 
connection with its cavity. All the 
Cmathostomes have these three canals 
like man, whereas amonj.^ the Cyclo- 
siomes the lampreys have only two and 
the hag'-tislies only one. The very com¬ 
plex structure of the cochlea, one of the 
most elaborate and wonderful outcomes 
of adaptation in the mammal body, 
developes orij^inally in very simple fashion 
as ,a flask-like projection from thesacculus. 
As Ilasse and Retzius have pointed out, 
we find the successive ontoj^enctic stafj^es 
of its j^rowth represented permanently in 
the series of the higher Vertebrates. The 
cochlea is wantinjtj even in the Mono- 
tremes, and is restricted to the rest of the 
mammals and man. 



The auditory nerve, 
or eif^hth cerebral nerve, 
expands with one 
branch in the cochlea,' 
and with the other in 
the remaining parts of 
the labyrinth. This 
nerve is, as Gegenbaur 
has shown, the sensory 
dorsal branch of a 


Fig. 32J --Development of the auscultory labyrinth tlu cluLk, in 
five successive singes (.-I E). (Vertie.'il tr;iiis\erse seelioii of the skull ) 


y/auscultory pits, h< auscultory vesitles. //- l.ibjiintl 
nientary cotlile.a, tsp posterior c.in.il. esr cxtein.il c. 
(From j\‘ris\iirr ) 


ctilcareous crystals, which rem.iins open 
permanently in some of the primitive 
iishos, and opens outwards in the upper 
part of the skull. Rut in the mammals 
the labyrinthic appendage degenerates. 
In these it has only ;i phylogenetic interest 
as a rudiment:ir\ organ, wiih no actual 
physiological signilic.mce. The useless 
relic of it passes through the wall of the 
petrtais bone in the shape t>f a n.'irrow 
canal, and iscalled the\ estibularaqueduct. 

It is only the inner :xnd lower bulbous i 
part of the separated auscultory vesicle i 
that developes into the highly complex J 
and differentiated structure that is after¬ 
wards known as the secondary l.ib\riiUh. ; 
This vesicle divides at an early stage into - 
an upper and larger and a lower and j 
smaller section. From the oiie we get the 
utricu/us w'ith the semi-circular canals ; ' 
from the other the sarci/Ius and the 
cochlea (Fig. 320 c). The canals are ! 


cerebro - spinal nerve, 
inth .if tlu (.liiLk, in motor ventral 

.nppeiuiape, , rudi- bnvnch of wliicli acts 
1, yj’ juKul.-ir vein. for the iiiuscles of the 
face f'nenms facialis). 
It has therefore origi¬ 
nated phylogenetically from an ordinary 
cutaneous nerve, and .so is of quite different 
origin from the optic and olfactor)*nerves, 
which both represent direct outgrowths 
of the brain. In this respect the auscul- 
loi'} organ is essentially different from 
tlje organs of sight and smell. The 
acoustic nerve is formed from ectodermic 
cells of the hind brain, and developes 
from the nervous structure that appears 
at its dorsal limit. On the other hand, 
all the membranous, cartilaginous, 
and osseous coverings of the labyrinth 
arc formed from the mcsodermic head- 
plates. 

The apparatus for conducting sound 
which we find in the external and middle 
ear of mammals developes quite sepa¬ 
rately from the apparatus for the sensa¬ 
tion of sound. It is both phylogeneti¬ 
cally and ontogcnetically an independent 
secondary formation, a later accession to 
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the primary internal car. Nevertheless, 
its development is not less interesliiyy;, 
and is explained with the same ease b\ 
comparative anatomy. In all the fishes 
and in the lowest Vertebrates there is no 



Fig. 323. - Primitive skull of the human embryo, 

four weeks okl, verlienl seetion, Ie(( li.iK sis 11 min 
7'. z, h, n the five pits of the eraiii.il i.i\il\, m uIihIi 
the five eerehral vesieli-s lie (lore, inlermeihale, iniJilti, 
hind, and .ifter hr.iiiis), o pt.ir-sh.ipid piimarv ,'iiisi ul- 
tory vesiile (.appeiiniifr Ihroufih), « i'm (.ippisiriii),-^ 
throutih), HO optu- iieive, / e.in.il of the Inpoplnsis, t 
central proiniiieiu e ot tlie skull (From KuUiki r ) 

special apparatus for conductino^ sound, 
no external t>r middle ear ; (hey have 
onl}’ a labyrinth, an internal eai, which 
lies within the skull. TJiey are without 
the tympanum and tymp.anic ta\ilv, ;ind 
all its append.'if^es. From man\ observ.i- 
tions made, in the last few decades it 
seems th:it m.iny of (he fishes (if nol all) 
cannot distint^uish tones ; (heir labvrinth 
seems to be chieny (if not extlusitelj) an 
org’an for the sense of space (or et|ui- 
librium). If it is destroyed, the fislies 
lose (heir bttlance and lall. In the 
opinion of recent physiolotrlsts this 
applies also to many of the Invertebrates 
(includinjr the nearer ancestors of the 
Vertebrates). The round vesicles which 
are considered to be their auscultory 
vesicles, and which contain an otolith, 
are supposed to he merely orj^ans of the 
.sense of space (“ static vesicles or stato- 
cysts ”). 

The middle ear makes its first appear¬ 
ance in the amphibian class, where we 
find a tympanum, tympanic cavity, and 
Eu.stachjan tube ; these animals, .and all 
terrestrial Vertebrates, certainly have the 
faculty of hearinfT. .Ml the.se e.ssential 
parts of the middle ear oritjfinalc from (he 
first gill-cleft and its surrounding part ; 
in the .Selachii this remains throughout 
life an open squirting-hole, and lies 
between the first and second gill-arch. 
In the embryo of the higher Vertebrates 
it closes up in the centre, and thus forms 
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the tympanic membrane. The outlying 
remainder of the first gill-cleft is the 
rudiment of the external meatus. From 
its inner part we get the t\mpanic c.a\ity, 
and, further inward still, the liustachian 
tube. C'onnected with this is the de\elop- 
ment of (he three bones of (he mammal 
ear from the first two gill-.irches ; the 
hammer .and anvil are formed from the 
first, the stirrup liom the upper end of 
the second, gill-.nah. , 

I’in.'illy, the shell (pinna or concha) and 
e\U-rnal meatus (pass.ige to (he 1\m- 
IMinmi) ol the Ollier ear ar-' develi'ped in 
a very simple fa.shion from the skin that 
borders the external .iperture of (he first* 
gill-cleft. The shell rises in the shape of 
a circular told ol the skin, in whidt 
caiiil.ige and musiles are .afterwara.s 
formed (Figs. 313 and J15). This organ 
is only found in the mammali.m class. 
It is very rudimentary in the lowest 
section, the Monotremes. In the others 
it is found at very different stages of 
development, <md sometimes of degenera¬ 
tion. It is degenerate in most of the 
aquatic mammals. The majorit v of them 
have lost it .altogether for instance, the 
walruses and whales .and most of the 
se.ds. t)n the other hand, the pinna is 



lac:. 324.-The rudimentary muscles of the ear 

ill tliv Iium.iii skull a raisinef miiM lo ( Af. attoUens), h 
ilr.avvinfr miisilf (j1/. itllrahcu\), i witlulrawiiig' miisc'lc 
f Af rr/i‘o/n’iis), </large miisdi of the helix f Af. hfliif^ 
mujor), r small muscle of the heliv (At helium minor), 
f muscle of the angle of the t.ir i At. tnit^n n\), x" anti- 
angular m\isc\c ( At. a lit it tin i). (Fiom H. Meyer.) 

well developed in the great majority of 
the Marsupials and riacent;ils; it receives 
and collects the w'.aves of sound, and is 
equipped with a very elaborate muscular 
apparatus, by means of which the pinnia 
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cari' be turned freely In any direction and 
its shape be altered. It is well known 
how readily domestic animals—horses, 
cows, doj?s, liares, etc.—point their ears 
and move them in different directions. 
Most of the apes do the same, and our 
earlier ape ancestors were also able to 
do it. Hut our later ^simian ancestors, 
which we have in common with the 
anthropoid apes, abandoned the use of 
lhe.se muscles, and they ffradually became 
rudimentary and useless. However, we 
pos.sess them still (Kifjf. 3-!4). In fact, 
some men can still move their ears a 
little b.ickward and forward by means of 
the drawiiif.^ <ind withdrawing^ muscles 
(h and r); with pnictice this faculty can 
b^i much improved. Hut no man can 
now lifi up his ears by the ralsiiijr 
musile (a), or chaiifre the shape of them 
by the small inner muscles (‘i, c, f, )• 
These muscles were very useful to our 
ancestors, but are of no consequence to 
us. This applies to most of the anthro¬ 
poid apes :is well. 

We also share with the higher anthro¬ 
poid apes (fTorilla, chimpanzee, and 
oran.q;) the characteristic form of the 
human outer e.ir, especially the folded 
border, the heli\ and the lobe. The lower 
apes have pointed ears, withimt folded 
border or lobe, like the other mammals. 
But Darwin h.is shown that at the upper 
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part of the folded border there is in many 
men a small pointed process, which most 
of us do not possess. In some individuals 
this process is well developed. It can only 
be explained as the relic of the original 
point of the ear, which 'has been turned 
inwards in consequence of the curving of 
the edge. If we compare the pinna of 
man and the various apes in this respect, 
we find that they present a connected 
series of degenerate structures. In the 
common catarrhine ancestors of the 
anthropoids and man the degeneration 
set in with the folding together of the 
pinna. This brought about the helix of 
the ear, in which we find the significant i 
angle which represents the relic of the 
salient point of the ear in our earlier 
simian ancestors. Here again, therefore, 
comparative anatomy enables us to trace 
with certainty the human car to the 
simil.'ir, but more developed, organ of the 
lower mammals. At the same time, ‘ 
comparative physic'logy shows that it was 
a more or less u.scful implement in the 
latter, but it is quite useless in the anthro¬ 
poids and m.'in. The conducting of the 
sound has scarcely been affected by the 
loss of the pinna. We have also in this 
the explanation of the extraordinary 
variety in the s>hape and size of the shell 
of the ear in different men ; in this it 
resembles other rudimentary organs. 


Chapter XXVI. 
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The peculiar structure of the locomotive 
apparatus i.s one of the features that are 
most distinctive of the vertebrate stem. 
The chief part of this apparatus is 
formed, as in all the higher animals, by 
the active organs of movement, the 
mu.scles; in consequence of their con¬ 
tractility they have the power to draw up 
and shorten themselves. This effects 
the movement of the va^rious parts of the 
body, and thus the whole body is con¬ 
veyed from place to place. But the 


arrangement of these mu.scles and their 
relation to the solid skeleton are different 
in the Vertebrates from the Invertebrates. 

In most of the lower animals, espe¬ 
cially the Platodes and Vermalia, we find 
that the muscles form a simple, thin 
layer of flesh immediately underneath the 
skin. This muscular layer is very closely 
connected with the skin itself; it is the 
same in the Mollusc stem. Even in the 
large division of the 'Articulates, the 
classes of crabs, spiders, myriapods, and 
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insects, we find a similar feature, with 
the difference that in this case the skin 
forms a solid armour a ri^id cutaneous 
skeleton made of chitine (and often also of 
carbonate of lime). This external cliiline 

coat under jj^oes a 
: \erv' elaborate ar¬ 

ticulation liolh on 
tlie trunk and the 
limits of the Articu- 
l.'ites, and in conse¬ 
quence the muscular 
system ,ilso, the con¬ 
tractile fibres of 
which are attached 
inside the chiline 
tubes, is his^hly arti¬ 
culated. The Verte¬ 
brates form a direct 
contrast to this. In 
these alone a solid 
intern.il skeleton is 
de\'eU>ped, of c.irtil- 
af^eorbone, to v\'hii h 
the muscles are al- 
taihed. fliis boil)' 
skeleton is atitniplex 
lexer apparatus, or 
passive appar.itus of 
moxement. llsri£;jid 
parts, thearms of the 
iex'ers, or the bones, 
arebioui^ht tof;ether 
by the actixely mo¬ 
bile muscles, as if by 
drawinjj^-ropes. This 
admirable locomo- 
torium, especi.illy its 
solid central axis, the 
xertebral column, is 
a special feature of 
the Veriebr.ites, and 
has j^ixen the name 
to the j^^roiip. 

In order to ^el a 
clear idea i>f the chief 



Fig. 327.— The human 
vertebral column 

(st.'indiii)' iipri^lit, Iroin 
the rij;hl sidu). (Fri>m 
H. Miycr.) 


features of the dex el- 
opment of the human skeleton, xve must 
first examine its composition in the adult 
frame (Fi}?. 325, the human skeleton .seen 
from the rig^ht ; Fig. 32O, front x iexv of 
the whole skeleton). As in other mam¬ 
mals, we distinguish first betxveen the 
axial or dorsal skeleton and the skeleton 
of the limbs. The axial skx-leton con¬ 
sists of the vertebral column (the skeleton 
of the trunk) and the skull (skeleton of 
the head); the latter is a peculiarly 
modified part of the fixrmer. As appen¬ 
dages of the vertebral column we have 


the ribs, and of the skull we have the 
hyoid bone, the lower jaw, and the other 
products of the gill-arches. 

The skeleton of the limbs or extremities 
is composed of two groups of parts—the 
skeleton of the extremities proper and the 
zone-skeleton, which connects these with 
the xertebr.d column. The zone-skeleton 
of the arms (or fore legs) is the shoulder- 
zone ; the zone-skeleton of the legs (or 
hitid legs) is the pelvic zone. 

']‘he xertebnil column (Fig. 327) in 
man is composed of thirty-three to thirty- 
live ring-shaped bones in a continuous 
series (.above each other, in man’s upright 
position). 'I'liese vertelme are .separated 
from each othei by elastic ligaments, and 
at the s.ime time connected by joints, .so 
th.it the whole column forms .1 firm and 
solid, but llexible and elastic, axi.al 
skeleton, moving fu*ely in all directions. 
The vertebra- diller in shape and connec¬ 
tion at the various parts of the trunk, 
.and xve distinguidi llie following groups 
in the series, beginning at the top: 
Seven cervic.il vertebra-, Ixx-elxe dorsal 


vertebra-, five lumh.ir vertebra-, five sacral 
vertebra-, and four to .six caudal x ertebra-. 
The uppermost, or tho.se ni-.\t to the skull, 
are the cervical vertebra- (Fig. 327) ; they 
have a hole in e.ach of the lateral pro¬ 
cesses. There are seven of these vertebra- 
in man .and .almost 


all the otlier m:un- 
m.ds, evc-niftheneck 
is as long as that of 
the camel or giraffe, 
or ,as short as that 
of the mole or 
hedgehog. This 
constant number, 
which has few ex¬ 
cept itvns (due to 
adaplaticvn), is a 
strong proof of the 
common descent of 
the mammals; it 
c.'inonlv beexplained 
by faithful heredity 
from a common 
stem-form, a primi¬ 
tive mammal with 
seven cervical verte¬ 
bra-. If each species 
had been created 
.separately, it would 
to have given the 
mals more, and 
animals less, cervical vertebrai. 
these come the dorsal (or 





Fu?. 328.—A piece of 
the axial rod (chorda 
dor^nhs), from .v sheep 
embryo. a cuticular 
she;ilh, b cells. (From 
Kollikvr.) 


have been better 
long-necked mam- 
the short-necked 
Next to 
pectoral) 
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vertebrae, which number twelve to thirteen 
(usually twelve) in man and most of the 
other mammals. Each dorsal vertebra 
(Fif^^. i()5) has at the side, connected by 
joints, a couple of t ilts, lon^ hon\ arches 
that lie in and protect 
the wall of the chest. 
The -twelve pairs of 
ribs, tOfTotlier with the 
con ncct i 11 j; i n t e rcost, 11 
muscles and the ster- 
nutn, which joins the 
ends of the ri}.jht and 
left ribs in front, form 
the chest (thorax ). 
In this strong and 
elastic frame are the 
lunjj^s, .ind between 
them the hc'art. Next 
tit the dorsal vertebr.e 
comes a short but 
slronijer section ot 
the column, tormed 
of fi\e larj^e \ertebr;v. 
riiese are the lumbar 
vertebra' (h'if^. i<i()) : 
they Iiave no ribs and 
no holes in flu tr.ins- 
verse pntcc'sses. 'Fo 
these succeeds he sacral bone, which is 
fitted between the t\vo halves of the pelvic 
zetne. The sacrum is formed of live \’erte- 
br;e, completely blended loi^ether. I'inally, 
wc have at the end a small rudimentary 
caudal column, the corryx. This consists 
of avarjin^ number (usu.illv four, more 
rarely three, or live or six) of small 
deg^eneraled vertebra*, and is a useless 
rudimentary ori^.in with no actual physio¬ 
logical si^niticancc. .Morpholoji^ically, 
however, it is of f^i-oat interest as an 
irrefraj^able proof of the descent of man 
and the anthropoids from loiif^-lailed 
£pes. On no other theory can we explain 
Tlie exi.stence of this rudimentary tail. 
In the earlier staj^es of development the 
tail of the human cmbi^o protrudes con¬ 
siderably. It afterwards atrophies ; but 
the relic of the atrophied caudal vertebra* 
and of the rudimentary muscles that once 
moved it remains permanently. .Some¬ 
times, in fact, the external tail is pre¬ 
served. The older anatomi.sts say that 
the tail is usually one vertebra loiif^er 
in the human female than in the male 
(or four against five); Steinbach says it 
is the reverse. 

In the human vertebral column there 
are u.sually thirty-three verlebrie. It is 
interesting to find, however, that the 


number often changes, one or two 
vertebra? dropping out or an additional 
one appearing. Often, also, a mobile 
rib is formed at the last cervical or the 
first lumbar vertebra, .so that there are 
then thirteen dorsal \ertebra', besides six 
cervical and four lumbar. In this way the 
contiguous vertebra* of the various .sec¬ 
tions of the column may take each other’s 
places. 

In order to understand the embryology 
of the human \ertebral column we must 
first caiefully consider the shape and con¬ 
nection of (lie vertebra'. Iv.tcii veitebra 
has, in geneial, the shape of a soal-ring 
(Figs. i()4 !(>(>). The thicker portion, 
which is turned tow.irds the ventral side, 
is called the body of the vertebra, and 
forms a short os.seous disk ; the thinner 
part forms a .semi-circular arch, the 
vertebral anh, and is turned towards 
the batk. 'Fhe arches of the successive 
\ertehne are connected by thin intercrural 
lig.unents in such a way th.it the cavity 
thev collectively enclose represents a long 
c.inal. In this vertebral canal we find 
the trunk part of the central nervous 
s\slt'm, the spinal cord. Its head part, the 
brain, is eni losed by the skull, and the 
skull itself is merely the uppermost part 
of the vertebral column, distinctively 
modified. The base or ventral side of 
the vesicular crani.il capsule corresponds 
originally to a number of developed 
vertebral bodies ; its vault or dorsal 
side to their combined upper vertebral 
arches. 

While the solid, massive bodies of (he 
vertebra* represent the real ceiitr.'d axis of 



Fio Tjo.— A dorsal vertebra «'f llie same i-mbrj41, 

III l.it4.-i.il tr.insv (.Tsf so'l 11)11 ii'iai (il.ijrjiuxi., v(Ttt‘l)r.il 
body, ih thord.i, /r tr.iiis\1 1 .-i- pmi.i'ss, ti VLTlrbr.il 
anti (upper an.li), t upper i iid ot llic nb (lower arch). 
(Krom Kotltkvr.) 

the skeleton, the dorsal arches serve to 
protect the central marrow they enclose. 
But similar arches develop on the ventral 
side for the protection of the viscera in 
the breast and belly. These lower or 


w- 




U- 


Fig. 321). - Three 
dorsal vertebpce, 

from a huiii.iii Lintu \ o. 
cifflit wci ks old. 111 
laU-nit Ion^''itudin,il 
section. 1’ 4 .irlil.ii^iii- 
oiis vcrletiral tiodv, /; 
inter-vcrtcbnil disks, 
cti cliorda. (From 
Kollikn'.) 
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ventral vertebral arcjies, proceeding from 
the ventral side of the vertebral bodies, 
form, in many of the lower Vertebrates, a 
canal in which the large blood-vessels 
are enclosed on the lower surface of the 



Fig. 3U---IntePVePlebral disk of ,1 new-born in- 
fiinl, transverse section, a rest ot Uie chorda. (From 
Kolliker.) 

vertebral column (aorta and caudal vein). 
In the higher Vertebrates the majority of 
the.se vertebral arches are lost or become 
rudimentary. But at the thoracic section 
of the column they develop into inde¬ 
pendent strong osseous arches, the ribs 
(cosUt). In reality the ribs are merely 
large and independent lower vertebral 
arches, which have lost their original 
connection with the vertebral bodies. 

If we turn from this anatomic survey 
of the composition of the column to the 
question of its development, 1 may refer 
the reader to earlier pages with regard to 
the. first and most important points 
(pp. 145 148). It will be remembered 
that in the human embryo and that of 
the other vertebrates we find at first. 
Instead of the segmented column, only .a 
simple unarticulated cartilaginous rod. 
This .solid but flexible and elastic rod Is 
the axial rod (or the chorda dorsalis). In 
the lowest Vertebrate, the .\mphioxus, it 
retains this simple form throughout life, 
and permanently represents the whole 
internal .skeleton (Fig. 210 {). In the 
Tunicates, also, the nearest Invertebrate 
relatives of the Vertebrates, we meet the 
same chorda—transitorily in the passing 
larva tail of the Ascidia, permanently in 
the Copelata (Fig. 225 r). Undoubtedly 
Ijoth the Tunicates and .^crania have 
inherited the chorda from a common 
itnsegmented stem-form ; and these 
ancient, long-extinct ancestors of all the 


chordonia are our hypothetical Prochor- 
donia. 

Long before there is any trace of the 
skull, limbs, etc., in the embryo of man or 
any of the higher Vertebrate.s—at the 
early stage In which the whole body is 
merely a sole-shaped embryonic shield— 
there appears in the midale line of the 
shield, directly under the medullary 
furrow, the simple chorda. (Cf. Fig.s. 
*.31-135 It follows the long axis of 
the body in the shape of a cylindrical 
axial rod of elastic but firm composition, 
equally pointed at both ends. In every 
case the chorda originates from the dorsal 
wall of the primitive gut ; the cells that 
compose it (Fig. 328 h) belong to the 
entoderm (Figs. 216-221). At an early 
stage the chorda developes a transparent 
structureless sheath, which is .secreted 
from its cells (Fig. 328 a). This chorda- 
lemma is often called the “ inner chorda- 
sheath,” and must not be confused with 
the real external sheath, the mosoblastic 
perichorda. 

But this unsegmented primary axial 
skeleton is soon replaced by the segmented 
secondary axial skeleton, which we know 
as the vertebral column. The prover- 
tebral plates (Fig. 124 .r) difl'erentiate 
from the innermost, median part of the 
visceral layer of the ccelom-pouches at 
each side of the chorda. As they grow 
round the chorda and enclose it they 
form the skeleton plate or skeletogenetic 
layer—that is to .say, the .skeleton-forming 
stratum of cells, which provides the 
mobile foundation of the permanent 
vertebral column and skull (scleroblast). 
In the head-half of the embryo the 



skeletal plate remains a continuous, 
simple, undivided layer 'of tissue, and 
presently enlarges into a thin-walled 
capsule enclosing the brain, the primordial 
skull. In tlie trunk-half the provertebral 
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plate divides into a number of homo- ■ 
jjeneous, cubical, successive pieces ; these 
arc the several primitive vertebrae. They 1 
are not numerous at first, but soon ! 
increase as the embryo e-rows lontrcr 
(Figs. 153-155)' 


In all the Cranioles the soft, indifferenl 
cells of the mesoderm, wiiich originally 
compose the skeletal plate, are afterwards 
converted for the most part into carti¬ 
laginous cells, and these secrete a 
firm and elastic intercellular .substance 
between them, and form cartilaginous 
tissue. Like most of the other parts of 
the skeleton, the membranous rudiments 
of the vertebra? soon pass into a carti¬ 
laginous state, and in the higher Verte¬ 
brates this is afterwards replaced by the 
hard osseous tissue w'ith its character¬ 
istic stellate cells (Fig. 6). The primary 
axial skeleton remains a simple chorda 
throughout life in the .Acrania, the Cyclo- 
stomes, and the lowest fishes. In most 
of the other ‘Vertebrates the chorda is 
more or less replaced by the cartilaginous 
tissue of the secor.dafy perichorda that 
grows round it. in the lower Craniotes 
(especially the fishes) a more or less 
considerable part of the chorda is pre¬ 
served in the bodies of the vertebrae. In 
the mammals it disappears fpr the most 


part. By the end of the second month in 
the human embr\o the chorda is merely 
a slender thread, running through the 
.axis of the thick, cartilaginous vertebral 
column (Figs. 182 ch,’ 7 , 2 C) r/i). In tlv 
cartilaginous\ertebral bodies themselves, 
which afterwards ossify, the 
slender remnant of the chorda 
presently disappears (Fig. 330 
f/t). Iliit in the el.'islic inter- 
\ertehral disks, which develop 
from the sUelelal plate between 
each pair of vertebral bi'nlies 
(Fig. 3>c) //), .-i lelic of the 
chorda rianains permanently. 
Tn the new-hoin child there 
is a large pear-shaped cavity 
in e.ich intervertebral disk, 
filled with a gelatinous mass 
of cells (Fig. 33J a). Though 
less sharply defined, this gela¬ 
tinous nucleus of the elastic 
cartilaginous disks persists 
throughout life in the mam¬ 
mals, but in the birds and most 
reptiles the last trace of the 
chorda disappeiirs. In the 
subsequent os.sification of the 
cartilaginous vertebra the first 
deposit of btniy iti.'itler (“first 
osseous nucleus ”) t.'ikes place 
in the vertebral body immedi¬ 
ately round the remainder of 
the chorda, and soon displaces 
it altogether. Then there is 
a special osseous nucleus formed in each 



Fin. .’{34.— Head-skeleton of a primitive fliih. » 

nasal prl:, effi cribriform bout- n-ffion, urh orbit of eye, 
/a wafi of auscultory lab\rinth. oit occipital region 
of primitive skull, rr' vertebral column, a lore, be hind- 
lip cartilage, oprimjtivc* uppiT jaw ( palatiy-guadratumj, 
« primitive lower jaw. J! lij.iloid none,///-f'/f/first 
to sixth branchial arches, ((''lom Oe^nbartr.) 

half of the vertebral arch. The ossifica¬ 
tion does not reach the point at which 
the three nuclei arc joined until after 
birth. In the first year the two osseous 
halve.s of the arches unite ; but it is much 
laler—’in the .second lo the eighth year— 



F'o. 333 —Skull of a new-born child. (From Knllmann.) 
Above, jn tlio llirft* hi>ncs I'f tlu‘ riH>f of the bkiill, we m-v Uio lines that 
radiate tn>in the central points ol ossification; in Iront, thi* frontal 
banc; behind, tlie oecipif.il bone; lietween the two the parietal 

bonCi p, s, the seurt hont\ 7e tnnsloid fontanelU*, J' petrous boiii', / 
tyiiipamc hone, /lateral p«irt, h bulla, ycheek-bt ' wing^ ( 

cuneiform bone, k foiitatu'lle ot eiindiorm bone 
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Fin. Roofs of the skulls of nine Primates (Caia-i-i-hhirs), seen from above ard reduced to a 
eoniiiion sire, i Kuroi'i'aii, j I razilian, j I'itlieeantliropu'-, ./ tioiilla, j C'bimpan/ee, 6 Or.'.ng’, 7 t’ibbon, 8 
Tailed apt-, p Baboon. 
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that they connect witli the osseous 
vertebral bodies. 

The bony skull (cranium), tlie head- 
part of the secondary axial skeleton, 
developes in just the same way as the 
vertebral column. Thq, skull forms a 
bony envelope for the brain, just as the 
vertebral canal does for the sjjinal cord; 
iind as the brain is only a peculiarly 
differentiaied part of the head, while the , 
spinal cord represents the lons^er trunk- 
section of the orij^inrilly homogeneous ' 
medullary tube, we shall expect to find ' 


vault above. The other thirteen boncy 
form the facial skull, which is cspccialls 
the bony envelope of the hif^her son.se- 
org^ans, and at the same time encloses 
the etitrance of the aliment.ary canal. 
The lower jaw is articulated at the base 
of the skull (usually regarded as the XXI. 
cranial bone). Ilehind the lower jaw we 
find the hyoid bone at tlie root of the 
tongue, also formed from the gill-arches, 
and a part i>f the lower arches that have 
developed as “ head-ribs ’’ from the ventral 
side of the base of the ci'anium. 



_ Fig. Skeleton of the breast-fln of Ceratodus (blscrial fcath ■r;r; skdcto-i). A, />, cartilaginous 
series cil the fin-stem, n-curlil.iginous fln-radii. (Vrom Ounthcr.) 

P'fs j.? 7 ' —Skeleton of the breast-fln of an early Selachlus (Aianlhid./. The radii of the median 
fin-borderf B) ha\e disappeared for the most part; a few only f AV are left. A', ft, :ajii ol the later.d fiii-border, 
mt meUiptcrygiuin, ms inesopterygium, p pioptcrygium. (From GrgenhnurA 

Fig._,;.;8 . — Skeleton of the breast-flin of a young Selachlus. The radii of the median fm-border have 
wholly disappeared. The shaded p.irt on the right is the section th.it persists in the (ive-fingered hand of the 
higher Vertebrates. (4 the thru ivisalpicees of the fin; wi mctaplerygium, riidimuiit of the humerus, fits' mesu- 
pterjgium, / proptcrygium.) (From Gcgenhanr ') 


that the osseous coat of the one is a 
special modification of the osseous 
envelope of the other. When we 
examine the adult human skull in itself 
(Fig- 332), it is diificult to conceive how 
it can be merely the modified fore part of 
the vertebral column. It is an elaborate 
and extensive bony structure, compo.sed 
of no less than twenty boites of different 
shapes and sizes. Seven of them form 
the spacious shell that surrounds the 
brain, in which wc distinguish the solid 
ventral base below and the curved dorsal 


Although the fully-developed .skull of 
the higher Vertebrates, with its jieculiar 
shape, its enon iocs size, and its complex 
composition, s.ems to have nothing in 
common with the ordinary vertebra;, 
nevertheless even the older comparative 
anatomist.s came to rccogni.se at the end 
of the eighteenth century that it is really 
nothing else originally than a series of 
modified veiTebra;. When Goethe in 
1790 “ picked up the skull of a slain 
victim from the .sand of the Jewish 
cemetery at Venice, he noticed at once 
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that the bones of the face also could be 
traced -to vertebne (like the three hind¬ 
most cranial vertebne).” And \vhen 
Oken (without knowing- anything of 
Goethe’s discovery) found at llensl'ein 
“ji line bleached skull of a hind, tlic 
thought Hashed across him like light¬ 
ning ; ‘ It is a vertebral column.’” 

This famous vertebral theory of the 
skull has interested (he most distin¬ 
guished iioolo^ists for more than a 
century: (he chief representatives of 
comparative anatomy have devoted their 
highest powers to the solution of the 
problem, and the iiilcresL has spread far 


mammal skull, and had compared the 
several bones that compose it with the 
several parts of the vertebra (Fig. 333);, 
they thought they could prove in this 
way that the fully-formed mammal 
skull was made of from three to six 
vertebrae. 

The older theory was refuted by 
simple rand obvious facts, which were 
first pointed out by Huxley. Neverthe¬ 
less; the fundamental idea of it—the 
belief that the skull is formed from 
the head-part of the pcrichordal axial 
skeleton, just as the brain is fiom the 
simple medullary Lube, by differentiation 



Fig. Skeleton of the fore leg of an amphibian, h upper^arm (humerus), m luwcr arm (>* radius, 
u ulna), riicit' wrist-buni’s of first series {r radiale, t intermedium, i ccntralc, u' ulnare). J, J, 4, S wrist-bones 
of the second senes. (From 

Fig. 340, -Skeleton of gorilla’s hand. (From Huxley.) 

Fig. 341. —Skeleton of human hand, back. (From Meyer.) 


beyond their circle. But it was not until 
1872 that it was happily solved, after 
seven years’ labour, by the comparative 
anatomist who surpassed all other experts 
of this science in the second half of the 
nineteenth century by the richness of his 
empirical knowledge and the acuteness 
and depth of his philosophic speculations. 
Carl GegenbaUr hds shown, in his classic 
Studies of the Comparative Anatomy oj 
the Vertebrates (third section), that we 
find the most solid foundation for the 
vertebral theory of the skull in the 
bead-skeleton of the Selachii. Earlier 
anatomists had wrongly started from the 


and modification—remained. The work 
now was to discover the proper way of 
supplying this phiIo.sophic theory with an 
empirical foundation, and it was reserved 
for Gegenbaur to achieve this. He first 
opened out the phylogenetic path which 
here, as in all morphological questions, 
leads niQst confidently to the goal. He 
showed that the primitive fishes (Figs. 
249-251), the ancestors of all the Gnatho- 
stomes, still preserve permanently in the 
form of their skull the structure out ofl. 
which the tran.sfonned skull of the higher 
Vertebrates; including man, has beeif 
evolved. He further showed that the 
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branchial arches of the Selachii prove 
that their skull originally consisted of a 
large number of (at least nine or ten) 
provertebraj, and that the cerebral nerves 
that proceed from the base of the brain 
entirely confirm this. These cerebral 
nerves are (with the exception of the first 
and second pair, the olfactory and optic 
nerves) merely modifications of spinal 
nerves, and arc essentially similar to 
them in their peripheral expansion. The 
comparative anatomy of these cerebral 
nerves, their origin and their expansion, 
furnishes one of the strongest arguments 
for the new vertebral theory of the skull. 

We have not space here to go into the 
details of Gegenbaur’s theory of the 


each side—the primitive upper jaw (os 
palato-quadratiim, o) and the primitive 
lower jaw (u); IV, the hyaloid bone 
(II) ; finally, V~X, six branchial arches 
in the narrower sense (III-VHI). 
From the anatomic features of these 
nine to ten cranijil ribs or “ lower verte¬ 
bral arches ” and the cranial nerves that 
spread over them. It is clear that the 
apparently simple cartilaginous primitive 
skull of the Selachii was originally 
formed from so many (at least nine) 
somites or provcrlebne. The blending of 
these primitive segments into a single 
capsule is, however, so ancient that, in 
virtue of the law of curtailed heredity, the 
original division seems to have dis* 



Fig. 342.— Skeleton of the hand or fore foot of six mammals. / man, II dop, III pig._ IV ox, V tapir, 
VI horse, r radius, it ulna. <r scaphoideuin, h lunare, c triquetrum, d trapezium, f trapezoid, /" capitatum, 
g hamatum, ^ pisiforme. / thumb, 2 index finper, j middle finder, 4 ring finger,5 little finger. (From Grgenbanr.') 


skull. I mu.st be content to refer the 
reader to the great work I have men¬ 
tioned, in which it is thoroughly estab¬ 
lished from the empirico-philosophical 
point of view. He has also given a com¬ 
prehensive and up-to-date treatment of 
the subject in his Comparative Anatomy 
of the Vertebrates (1898). Gegenbaur 
indicates as original “cranial ribs,” or 
“ lower arches of the cranial vertebrae,” 
at each side of the head of the Selachii 
(Fig. 334), the following pairs of arches : 
I and II, two lip-cartilages, the anterior 
(a) of which is composed of an upper 
piece only, the posterior (he) from an 
upper and lower piece; III, the maxillary 
arches, also consisting of two pieces on 
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appeared ; in the embryonic development 
it is very difficult to detect it in isolated 
traces, and in some respects quite impos¬ 
sible. It is claimed that several (three to 
six) traces of provertebrae have been dls- 
coved in the anterior (pre-chordal) part of 
the Selachii-skull; this would bring up 
the number of cranial somites to twelve 
or sixteen, or even more. 

In the primitive skull of man (Fig. 323) 
and the higher Vertebrates, which has 
been evolved from that of the Selachii, 
five consecutive sections are discoverable 
at a certain early period of development, 
and one might be induced to trace these 
to five primitive vertebra;; but these 
sections are due entirely to adaptation to 
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the .five primitive cerebral vesicles, and 
correspond, like these, to a large number 
of metamera. That we have in the 
primitive skull of the mammals a greatly 
modified end transformed or|^an, and not 
at all a primitive formation, is clear from 
the circumstance that its original soft 
membranous form only assumes the 
cartilaginous character fbr the most part 
at the base and the sides, and remains 
membranous at the roof. At this part the 
bones *of the subsequent osseous skull 
develop, as external coverings over the 
membranous structure, without an inter¬ 
mediate cartilaginous stage, as there is at 
the base of the skull. Thus a large part 
of the cranial bones develop originally as 
covering phones from the corium, and only 
secondarily come into close touch with 
the primitive skull (Fig. 333). We have 
previously seen how this very rudimentary 
beginning of the skull in man is formed 
ontogenetically from the “ head-plates,” 
and thus the fore end of the chorda is 
enclosed in the base of the skull. (Cf. 
Fig. 145 and pp. 138, 144, and 149.) 

The phylogeny of the skull has made 

g reat progress during the last three 
ecades through the joint attainments 
of comparative anatomy, ontogeny, and 
paleontology. By the judicious and 
comprehensive application of the phylo- 
genetiemethod ‘in the sense of Gegenbaur) 
we have found the key to the great and 
important problems that arise from the 
thorough comparative study of the skull. 
Another school of research, the school of 
what is called “ exact craiiiology ” (in the 
sense of Virchow), has, meantime, made 
fruitless efforts to obtain this result. We 
may gratefully acknowledge all that this 
descriptive school has done in the way of 
accurately describing the various forms 
and measurements of the human skull, as 
compared with those of other miimmals. 
But the vast empirical material that it has 
accumulated in its extensive literature is 
mere dead and sterile erudition until it is 
vivified and illumined by phylogenetic 
speculation. 

^ Virchow confined himself to the most 
careful analysis of large numbers of 
human skulls and those of anthropoid 
mammals. He saw only the differences 
between them, and sought to express these 
in figures. 

Without adducing a single solid reason, 
'Or offering any alternative explanation, he 
Injected evolution as an unproved hypo- 
thesiii. He played a most unfortunate 


part in the controversy as to the signifi¬ 
cance of the fossil human skulls of Spy 
and Neanderthal, and the comparison of 
them with the skull of the Pithecanthropus 
(Fig. 283). All the interesting feiitures of 
these skulls that clearly indicated the 
transition from the anthropoid to the man 
were declared by Virchow to be chance 
pathological variations. He said that the 
roof of the skull of Pithecanthropus (Fig. 
335, j) must have belonged to an ape, 
because so pronounced an orbital stricture 
(the horizontal constriction between the 
outer edge of the eye-orbit and the 
temples) is not found in any human being. 
Immediately afterwards Nehring showed 
in the skull of a Brazilian Indian (Fig. 
335, 5), found in the Sambaquis of Santos, 
that this stricture can be even deeper in 
man than in many of the apes. It is very 
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Fig. J46.—Transverse section of a fish’s tail 

(from the tunny). (Vrom Johannrs MUUer.) a upper 
(dorsal) lateral niiiscic.s, a\ V lower (ventral) lateral 
muscles, d vertebral bodies, b sections of incomplete 
conical m.intlc, B attachment lines of the inter-muscular 
ligaments (from the side). 

instructive in this connection to compare 
the roofs of the skulls (seen from above) 
of diflferent primates. I have, therefore, 
arranged nine such skulls in Fig. 335, and 
reduced them to a common size. 

We turn now to the branchial arches, 
which were regarded even by the earlier 
natural philosophers as “ head-ribs.” (Cf. 
Figs. 167-170). Of the four original gill- 
arches of the mammals the first lies 
between the primitive mouth and the first 
gill-cleft. From the base of this arch is 
formed the upper-jaw process, which joins 
with the ‘inner and outer nasal processes 
on each side, in the manner we have 
previously explained, and forms the chief 
parts of the skeleton of the upper jaw 
(palate bone, pterygoid bone, etc.) (Cf. 

. 284.) The .remainder of the first 
ranchial arch, which is now called, by 
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way of contrast, the “ upper-jaw process,” 
forms from its base two of the ear-ossicles 
(hammer and anvil), and as to the rest is 
converted into a long strip of cartiftige 
that is known, after its discoverer, as 
“ Meckel’s cartilage,”or the^ra/»a«rftA«/a. 
At the outer surface of the latter is formed 
from the cellular matter of the corium, as 
covering or accessory bone, the permanent 
bony lower jaw. From the first part or 
base of the second branchial arch we gel, 
in the mammals, the third ossicle of the 
ear, the stirrup ; and from the succeeding 
parts we get (in this order) the muscle of 
the stirrup, the styloid process of the 
temporal bone, the styloid-hyoid ligament, 
and the little horn of the hyoid bone. The 
third branchial arch is only cartilaginous 
at the foremost part, and here the body of 
the hyoid bone and its larger horn are 
formed at each side by the junction of its 
two halves. The fourth branchial arch is 
only found transitorily in the mammal 
embryo as a rudimentary organ, and does 
not develop special parts; and there is no 
trace in the embryo of the higher 
Vertebrates of the posterior branchial 
arches (fifth and sixth pair), which arc 
permanent in the Selachii. They have 
been lost long ago. Moreover, the four 
gill-clefts of the human embryo are only 
interesting as rudimentary organs, and 
they soon close up and disappear. The 
first alone (between the first and second 
branchial arches) has any permanent 
significance ; from it arc developed the 
tympanic cavity and the Eustachian tube. 
(Cf. Figii. 169, 320.) 

It was Carl Gegenbaur again who 
solved the difficult problem of tracing the 
skeleton of the limbs of the Vertebrates 
to a common type. Few parts of the 
vertebrate body have undergone such 
infinitely varied modifications in regard to 
size, shape, and adaptation of structure 
as the limbs or extremities ; yet we are in 
a position to reduce them all to the same 
hereditary standard. We may generally 
distinguish three groups among the 
Vertebrates in relation to the forma¬ 
tion of their limbs. The lowest and 
earliest Vertebrates, the Acrania and 
Cyclostomes, had, like their invertebrate 
ancestors, no pairs of limbs, as we see in 
the Anmhloxus and the Cyclostomes 
to-day (Figs. 210, 247). The second group 
is formed of the two classes of the true 
fishes and the Dipneusts ; here there are 
always two pairs of limbs at first, in 
the shape of many-toed fins—one pair 


of breast-fins or fore legs, and one pair Of 
belly-fins or hind legs (Figs. 248-259). 
The third group comprises the four higher 
clas.ses of Vertebrates—the amphibia, 
reptiles, birds, and mammals ; in these 
quadrupeds there are at first the same 
two pairs of limbs, but in tlie shape of 
five-toed feet. Frequently we find less 
than five toes, and sometimes the feet are 
wholly atrophied (as in the ser»:ents). 
But the original stem-form of the group 
had five toes or fingers before and behind 
(Figs. 263^-265). 

The true primitive form of the pairs of 
limbs, such as they were found in tlie 
primitive fishes of the Silurian period, 
is preserved for us in the Australian 
dipneust, the remarkable Ceratodus (Fig. 
257). Both the breast-fin and the belly-fin 
are flat oval paddles, in which we find a 
biscrial cartilaginous skeleton (Fig. 336). 
This consists, fir.stly, of a much .segmented 
fin-rod or “stem’’ (A, BJ, which runs 
through the fin from base to tip; and 
secondly of a double row of thin articu¬ 
lated fin-radii (r, r), which are attached 
to both sides of the fin-rod, like the 
feathers of a feathered leaf. This primi¬ 
tive fin, which Gegenbaur fir.st recognised, 
is attached to the vertebral column by a 
simple zone in the shape of a cartilaginous 
arch. It has probably originated from 
the br.anchial arches.' 

We find the same biscrial primitive 
fin more or less preserved in the fossilised 
remains of the earlie.st Selachii (Fig. 248), 
Ganoids (Fig. 253), and Dipneusts (Fig, 
256). It is al.so found in modified form 
in some of the actual sharks and pikes. 
But in the majority of the Selachii it has 
already degenerated to the extent that 
the radii on one side of the fin-rod have 
been partly or entirely lost, and are 
retained only on the other (Fig. 337). 
We thus get the uniserlal fin, which has 
been transmitted from the Selachii to the 
rest of the fishes (Fig. 338). 

Gegenbaur has shown how the five¬ 
toed leg of the Amphibia, that has been 
inherited by the three classes of Amniotes, 
was evolved from the uniserial fish-fin.® 

* While Geg-enbaur derives the fins from two rairs 
of posterior separated branchial arches, Balfour holds 
that they have been developed from segments of a 
pair of originally continuous lateral fins or folds of the 
skin. 

= The limb of the four higher classes of Vertebrates is 
now explained in the sense that the original fin-rod 
passes along its outer (ulnar or fibular) side, and ends 
in the fifth toe. It was formerly believed to go sdong 
the inner (radial or tibial) side, and end in the nnst toe, 
as Fig. 339 shows. 




Fig. 347. Fig. 348. 

Fig. 347.— Human skeleton. (Cf. Fier- 306.) 

Fig. 3^.— Skeleton of the glaint ffimUla. (Cf. Fig. 309.1 
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In the dipneust ancestors of the Amphibia 
the radii gradually atrophy, and are lost, 
for the most part, on the other side of the 
fm-rod as well (the lighter cartilages in 
Fig. 338). Only the four lowest radii 
(shaded in the illustration) are preserved ; 
and these are the four inner toes of the 
foot (first to fourth). The little or fifth 
toe is developed from the lower end of the 
fin-rod. From the middle and upper 
part of the fin-rod was developed the long 
stem of the limb—the important radius 
and ulna (Fig. 339 r and u) and humerus 
(h ) oi the higher Vertebrates. 

In this way the five-toed foot of the 
Amphibia, which we first meet in the 
Carboniferous Stcgocephala (Fig. 260), 
and which was inherited from them by 
the reptiles on one side and the mammals 
on (he other, was formed by gradual 
degeneration and differentiation from the 
many-toed fish-fin (Fig. 341). The reduc¬ 
tion of the radii to four was accomp;inicd 
by a further differentiation of the fin-rod, 
its transverse segmentation into upper 
and lower halves, and the form.ation of 
the zone of the limb, which is composed 
originally of three limbs before and 
behind in the higher Vertebrates. The 
simple arch of the original shoulder-zone 
divides on each side into an upper (dorsal) 
piece, the shoulder-blade (scapula), and 
a lower (ventral) piece ; the anterior part 
of the latter forms the primitive clavicle 
(procoracouieum), and the posterior p^rt 
the coracouiettm. In the same way the 
simple arch of the pelvic zone breaks up 
into an upper (dorsal) piece, the iliac-bone 
(os ilium), and a lower (ventral) piece ; 
the .'yitcrior part of the latter forms the 
pubic bone (os pubis), and the posterior 
the ischial bone ( os ischii). 

There is also a complete agreement 
between the fore and hind limb in the 
stem or shaft. The first section of the 
stem is supported by a single strong bone 
—the humerus in the fore, the femur in 
the hind limb. The second section con¬ 
tains two bones : in front the radius (r) 
and ulna (u), behind the tibia and fibula. 
(Cf. the skeletons in Figs. 260, 265, 270, 
278-282, and 348.) The succeeding 
numerous small bones of the, wrist 
(caipus) and ankle (tarsus) are also 
similarly arranged In the fore and hind 
extremities, and so are the five bones 
of the middle-hand (metacarpus) and 
middle-foot (metatarsus), Finally, it is 
the same with the toes themselves, which 
liave a similar diaracteristic composition 
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from a series of bony pieces before ^nd 
behind. We find a complete parallel in 
all the parts of the fore leg and the hind 
leg. 

When we thus learn from comparative 
anatomy that the .skeleton of the human 
limbs is composed of just the same bones, 
put together in the same way, as the skele¬ 
ton in the four higher classes of Verte¬ 
brates, we may at once infer a common 
descent of them from a single stem-form. 
This stem-form was the earliest am- 
hibian that had five toes on each foot, 
t Is particularly the outer parts of the 
limbs that have been modified by adapta¬ 
tion to different conditions. We ne^ 
Only recall the immense variations they 
offer within the mammal class. We have 
the slender legs of the deer and the 
strong springing legs of the kangaroo, 
the climbing feet of the sloth and the 
digging feet of the mole, the fins of the 
whale and the wings of the bat. It will 
readily bo granted that these organs of 
locomotion differ as much in regard to 
size, shape, and special function as can 
be conceived. Nevertheless, the bony 
skeleton is substantially the .same in every 
ca.se. In the different limbs we always 
find the .same characteristic bones in 
essentially the same rigidly hereditary 
connection ; this is as splendid a proof of 
the theory of evolution as comparative 
anatomy can discover in any organ of the 
body. It is true that the skeleton of the 
limbs of the various mammals undergoes 
many distortions and degenerations Jae- 
sidcs the special adaptations (Fig. 342). 
Thus we find the first finger or the thumb 
atrophied in the fore-foot (or hand) of the 
dog (II). It has entirely disappeared in 
the pig (III) and tapir (V), In the rumi¬ 
nants (such as the ox, IV) the second 
and fifth toes are also atrophied, and only 
the third and fourth are well developed 
(VI, 3). Nevertheless, all these different 
fore-feet, as well as the hand of the 
ape (Fig. 340) and of man (Fig. 341), 
were originally developed from a common 
pentadactyle stem-form. This is proved 
by the rudiments of the degenerated toes, 
and by the similarity of the arrangement 
of the wrist-bones in all the pentanomes 

(Fig* 34a 

If we candidly compare the bony skele¬ 
ton of the human arm and hand yvith 
that of the nearest anthropoid apes, we 
find an almost perfect identity. This is 
especially true of the chimpanzee. In 
regard to the proportibns of the various 
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partS||the lowest living races of men (the 
Veddahs of Ceylon, Fig. 344) are midway 
between the chimpanzee (Fig. 343) and 
the European ^ig. 345). More consider¬ 
able are the differences in structure and 
the proportions of the various parts be¬ 
tween the different genera of anthropoid 
apes (Figs. 278-282); and still greater is 
the morphological distance between these 
and the lowest apes (tlie Cvnopithi'ca). 
Here,again, impartial and thorough ana¬ 
tomic comparison confirms the accuracy 
of Huxley’s pithecometra principle (p. 171). 

The complete unity of structure which 
is thus revealed by the comparative 
anatomy of the limbs is fully confirmed 
by their embryology. However different 
the extremities of the four-footed Craniotes 
may be in their adult state, they all de¬ 
velop from the same rudimentary struc¬ 
ture. In every case the first trace of the 
limb in the embryo is a very simple pro¬ 
tuberance that grows out of the side of 
the hyposoma. These simple structures 
develop directly into fins in the fishes and 
DIpneusts by differentiation of their cells. 
In the higher classes of Vertebrates each 
of the four takes the shape in its further 
growth of a leaf with a stalk, the inner 
half becoming narrower and thicker and 
the outer half broader and thinner. The 
inner half (the stalk of the leaf) then 
divl(jles into two sections—the upper and 
■lower parts of the limb. Afterwards four 
shallow indentations are formed at the 
free edge 'of the leaf, and gradually 
deepen ; these are the intervals between 
the five toes (Fig. 174). The toes soon 
make their appearance. But at first all 
five toes, both of fore and hind feet, are 
connected by a thin membrane like a 
swimming-web; they remind us of the 
original shaping of the foot as a paddling 
fin. The further dev'elopmcnt of the 
limbs' from this rudimentary structure 
takes place in the same way in all the 
Vertebrates according to the laws of 
heredity. 

The embryonic development of the 
muscles, or active organs of locomotion, 
is not less interesting than that of the 
skeleton, or passive organs. But the 
•comparative anatomy and ontogeny of 
•the muscular system are much more diffi- 
.cult and inaccessible, and consequently 
have hitherto been less studied. We can 
therefore only draw somd general phylo¬ 
genetic conclusions therefrom. 

It is incontestable that the musculature 
of the Vertebrates has been evolved from 


that of lower Invertebrates ; and among 
these we have to consider especially the 
unarticulated Vermalia, They have a 
.simple cutaneous muscular layer, develop¬ 
ing from the me.soderm. This was after¬ 
wards replaced by a pair of internal lateral 
muscles, that developed from the middle 
wall of the ca'lom-pouches ' we still find 
the first rudiments of the muscles arising 
from the muscle-plate of these in the 
embryos of all the Vertebrates (cf. Figs. 
124, 158-rK), 222-4 mp). In the unarticu¬ 
lated stcm-k)rms c>f the Chordonia, which 
\vc have called the Prochordonia, the two 
coelom-pouches, and therefore aLso the 
muscle-plates of their walls, were not yet 
segmented. A great advance was made 
in the articulation of them, ;is we have 
followed it step by step in the Amphioxus 
(Figs. 124, 158). This segmentation of 
the muscles was the momentous historical 
process with w’hich vertebration, and the 
development ofthe vertebrate stem, began. 
The articulation of the skeleton came after 
this segmentation of the muscular system, 
and the two entered into very close cori'c- 
lation. 

Tlie cpisomites ordorsal cctlom-pouches 
of the Acrania, Cyclostomcs. and Selachii 
(Fig. 161 h) first develop from their inner 
or median wall (from the cell-layer that 
lies directly on the skeletal plate and 
the medullary tube [nr\) a strong muscle- 
plate (mp). By dorsal growth (w) it 
also reaches the external wall of the 
coelom-pouches, and proceeds from the 
dorsal to the ventral wall. From these 
segmental muscle-plates, which are chiefly 
concerned in the segmentation of the 
Vertebrates, proceed the lateral muscles 
of the stem, as we find in the simplest 
form in the Amphioxus (Fig. 210). By 
the formation of a horizontal frontal 
septum they divide on each side into an 
upper and lower scries of myotomes, 
dorsal and ventral lateral muscles. This 
is seen with typical regularit)' in the 
transverse section of the tail of a fish 
(Fig. 346)- From these earlier lateral 
muscles of the trunk develop the greater 
part of the subserquent muscles of the 
trunk, and also the much later “ muscular 
buds ” of the limbs.* 

* The ontogeny of the muscles is mostly cenog'enetic. 
The greater part of the muscles of the head (or the 
•visceral muscles) belong originally to the hyposoma of 
the vertebrate organism, and develop from the wall of 
the hyposomites or ventral ccclom-pouches. This also 
applies originally to the primary muscles of the limbs, 
as these too belong phylugcnutically to the hyposoma. 
(Cf. Chapter XIV.) 
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Chapter XXVII. 

THE EVOLUTION OF THE ALIMENTARY SYSTEM 


The chief of the vcj^elal orj^ans of the 
human frame, to the evolution of which 
we now turn our attention, is the alimen¬ 
tary canal. The f^ut is the oldest of all 
the orj^ans of the mcta/oic body, and it 
leads us hack to the earliest of the 
formation of org’ans-to the first section 
of the Laurentian period. As we have 
iilready seen, the result of the first division 
of labour amonj^ the homogeneous cells 
of the earliest multii ellular animal body 
was the formation of an alimentary cavit}'. 
The first duty and first need of every 
organism is self-pre.scrvation. This is 
met by the functions of the nutrition and 
the covering of the body. When, there¬ 
fore, in the primitive globular Blastma 
the homogeneous cells began to effect a 
division of labour, they had first to meet 
this twofold need. One half were con¬ 
verted into alimentary cells and enclosed 
a digestive cavity, the gut. The other 
half became co\’ering cells, and formed 
an envelope round the alimentary tube 
and the whole body. Thus arose the 
primary germinal layers—the inner, 
alimentary, or vegetal layer, and the 
outer, covering, or animal layer. (Cf. 
pp. 214-17.) 

When we try to construct an animal 
frame of the simplest conceivable type, 
that has some such primitive alimentary 
canal and the two primary layers consti¬ 
tuting its wall, we inevitably come to the 
very remarkable embryonic form of the 
gastrula, which we have found with 
extraordinary persistence throughout the 
whole range of animals, with the excep¬ 
tion of the unicellulars—in the Sponges, 
Cnidaria, Platodes, Vermalia, Molluscs, 
Articulates, Echinoderms, Tunicates, and 
Vertebrates. In all these stems the 
gastrula recurs in the same very simple 
form. It is certainly a remarkable-fact 
that the gastrula is found in various 
animals as a larva-stage in their indi¬ 
vidual development, and that this gastrula, 
though much disguised by cenogenetic 


modifications, has everywhere essentially 
the same palingcnetic structure (Figs. 
30-35). The elaborate alimentary canal 
of the higher animals developes onto- 
genctically from the same simple primi¬ 
tive gut of \\\e,gastrula. 

This gastraca theory is now accepted 
by nearl}’ all zoologists. It was first 
supported and partly modified by Professor 
R.'iy-Lankcster ; he proposed three years 
afterwards (in his cs.say on the develop¬ 
ment of the Mollu-scs, 1875) to give the 
name of archenleron to the primitive gut 
and blastoporus to the primitive mouth. 

Before we follow the development of 
the human alimentary canal in detail, it 
is necessary to .say a word about the 
general features of its composition in the 
fully-developed man. The mature alimen¬ 
tary canal in man is constructed in all its 
main features like that of all the higher 
mammals, and particularly resembles 
that of the Catarrhines, the narrow-nosed 
apes of the Old World. The entrance 
into it, the mouth, is armed with thirty- 
two teeth, fixed in rows in the upper and 
lower jaws. As we have seen, our denti¬ 
tion is exactly the same as that of the 
Catarrhines, and differs from that of alj 
other animals (p. 257). Above the mouth- 
cavity is the double nasal cavity ; they 
are separated by the palate-wall. But we 
saw that this separation is not there from 
the first, and that originally thei-e is a 
common mouth-nasal cavity in the 
embryo ; and this is only divided after¬ 
wards by the hard palate into two—the 
nasal cavity above and that of the mouth 
below (Fig. 311). 

At the back the cavity of the mouth is 
half closed by the vertical curtain that we 
call the soft palate, in the middle of which 
is the uvula. A glance into a mirror with 
the mouth wide open will show its shape. 
The uvula is imeresting because, besides 
man, it is only found in the ape. At each 
side of • the soft palate are the ‘tonsils. 
Through the curved opening that we find 
V 
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underneath the soft palate we penetrate 
into the gullet or pharynx behind the 
mouth-cavity. Into this opens on either 
side a narrow canal (the Eustachian tube), 
through which there is direct communica¬ 
tion with the tympanic cavity of the ear 
(Fig. 320 e). The pharynx is continued 
in a long, narrow tube, the oesophagus 
(sr). By this the food passes into the 
stomach when masticated and swallowed. 
Into the gullet also opens, right above, 
the trachea (IrJ, that leads to the lungs. 
The entrance to it is covered by the 
^iglottis, over which the food slides. 
The cartilaginous epiglottis is found only 
in the mammals, and has developed from 
the fourth branchial nreh of the fishes and 
amphibia. The lungs are found, in man 
and all the mammals, to the right and 
left in the pectoral cavity, with the 
heart between them. At the upper end 
of the trachea there is, under the 
epiglottis, a specially differentiated 
part, strengthened by a cartilaginous 
skeleton, the larynx. This important 
organ of human speech also developes 
from a part of the alimentary canal. 

In front of the larynx is the thyroid 
gland, which sometimes enlarges and 
forms goitre. 

The oesophagus descends into the 
pectoral cavity along the vertebral 
column, behind the lungs and the heart, 
pierces the diaphragm, and enters the 
visceral cavity. The diaphragm is a 
membrano - muscular partition that 
completely separates the thoracic from 
the abdominal cavity in all the mam¬ 
mals (and these alone). This separa¬ 
tion is not found in the beginning ; 
there is at first a common breast-belly 
cavity, the coeloma or pleuro-peritoneal 
cavity. The diaphragm is formed later 
on as a mu.scular horizontal partition 
between the thoracic and abdominal 
cavities. It then completely separates 
the two cavities, and is only pierced by 
several organs that pass from the one 
to the other. One of the chief of these 
organs is the oisophagus. After this has 
passed through the diaphragm, it expands 
into the gastric sac in which digestion 
chiefly takes place. The stomach of the 
adult man (Fig. 349) is a long, somewhat 
oblique sac, expanding on the left into a 
blind sac, the fundus of the stomach f b' 
but narrowing on the right, and passing 
at the pylorus (e) into tjje small intestine. 
At thj, point there is a valve, the pyloric 
valve (a)t between the two sections of 


the canal ; it opens only when the pulpy 
food passes from the stomach into the 
intestine. In man and the higher V’erte- 
brates the stomach itself is the chief organ 
of digestion, and is especially occupied 
with the solution of the food ; this is not 
the case in manj' of the lower Vertebrates, 
which have no stomach, and discharge 
its function by a part of the gut farther 
on. The muscular wall of the stomach is 
comparatively thick; it has externally 
strong muscles that accomplish the diges¬ 
tive movements, and internally a large 
quantity of small glands, the peptic 
glands, which secrete the gastric juice. 

Next to the stomach comes the longest 
section of the alimentary canal, the 
middle gut or small intestine. Its chief 
function is to absorb the peptonised fluid 



Fig. —Human stomach and duodenum, lonpl- 

tudinal scLtion. a cardiac (end of oesophagus), b fundus 
(blind sac of the left side), e pylorus-fold, d pylorus-valves, 
e pylorus-cavity, fgh duodenum, i entrance ot the gall-duct 
and the pancreatic duct. (From Meyer.) 

mass of food, or the chyle, and it is sub¬ 
divided into several sections, of which the 
first (next to the stomach) is called the 
duodenum (Fig. It is a short, 

horseshoe-shaped loop of the gut. The 
largest glands of the alimentary canal 
open into it—the liver, the chief digestive 
gland, that secretes the gall, and the 
pancreas, which secretes the pancreatic 
juice. The two glands pour their secre¬ 
tions, the bile and pancreatic juice, close 
together into the duodenum (tj. The 
opening of the gall-duct is of particular 
phylogenetic importance, as it is the same 
in all the Vertebrates, and indicates the 
principal point of the hepatic or trunk-gut 
(Gegenbaur). The liver, phylogenetically 
older than the stomach, is a large gland, 
rich in blood, in the adult man, imme¬ 
diately under the diaphragm on the left 
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side, andf separated by it from tlie lungs. 
The pancreas lies a little further back and 
more to the left. The remaining part of 
the smalt intestine is so long that it has, 
to coil itself in many folds in order to find 
room in the narrow space of the abdominal 
cavity. It is divided into the jejunum 
above and the ileum below. In the last 
section of it is the part of the small intes¬ 
tine at 'which in the embryo the )clk-sac 
opens into the gut. This long and thin 
intestine tlien passes into the large intes¬ 
tine, from which it is cut off by a special 
valve. 1 mmediately behind this “ Bauhin- 
valve ” the first part of the large intestine 
forms a wide, pouch-like structure, the 
ccTecum. The atrophied end of the ccecum 
is the famous rudimentary organ, the 



Fir.. 350.— Median section of the head of a bare- 
embryo, ono-fourth cif .in inch in length. fFroin 
Mihalcovics ) Thr ikvp mouth-clcftf'/;/jis separated by 
theineinlir.ino of tliethroal ( rAJ-from the blind cavity of 
tile hcad'giit (i-tf)■ hs heart, r/j chorda, A/ithc pwint at 
whicii the hypophysis .levclopcsfrom the mouth-cleft, t'A 
vcntriclcol the cerebrum, ?':i third ventricle (intcrmedi.itc 
brain), fourth ventricle (hind brain), rk spinal canal 

venniform appendix. The large intestine 
(colon ) consists of three parts—an ascend¬ 
ing part on the right, a transverse middle 

? art, and a descending part on the left. 

'he latter finally passes through an 
S-shaped bend into the last section of the 
alimentary canal, the rectum, which 
opens behind by the anus. Both the 
large and small intestines are equipped 
with nujnbers of small glands, which 
secrete mucous and other fluids. 

For the greater part of its length the 
alimentary canal is attached to the inner 
dorsal surface of the abdominal cavity, or 
to the lower surface of the vertebral 
column. The fixing is accomplished by 
.means of tlie thin membranous plate that 
we call the mesentery. 


Although the fully-formed alimentaev 
canal is thus a ve^ elaborate organ, ana 
although in detail it has a quantity of 
complex structural features into which we 
cannot enter here, nevertheless the whole 
complicated structure has been histori¬ 
cally evhlved from the very simple form 
of the primitive gut that we find in our 
ga.straead-ancestors, and that every ga.s- 
trula brings before u.s to-day. We have 
already pointed out (Chapter IX.) how 
the epigastrula of the mammals (Fig. 67) 
can be reduced to the original type of the 
bell-gastrula, which is now preserved by, 
the amphioxus alone (Fig. 35). Like 
the latter, the human gaslrula and tliat 
of all other mammals must be regarded 
as the obtogcnetic reproduction of tlie 
phylogenetic form that we call the 
Gastraea, in which the whole body is 
nothing but a double-walled gastric sac. 

We already know from embryology the 
manner in which the gut dcvclopes in the 
embryo of man and the other mammals, 
h'rom the gastrula is first formed the 
spherical Ciiibryonic vesicle filled with 
fluid {ffastrocyslis, Fig. 106). In the 
dorsal wall of this the sole-shaped 
embryonic shield is developed, and on the 
under-side of this a shallow groove 
appears in the middle line, the first trace 
of the later, secondary alimentary tube. 
The gut-groove becomes deeper and 
deeper, and its edges bend towards each 
otlier, and finally form a tube. 

As we have seen, this simple cylindrical 
gut-lube is at first completely closed 
before and behind in man and in the 
Vertebrates generally (Fig. 148); the 
permanent openings of the alimentary 
canal, the mouth and anus, are only 
formed later on, and from the outer skin. 
A mouth-pit appears in the skin in front 
(Fig. 350 hp), and this grows towards the 
blind fore-end of the cavity of the head- 
gut (kd), and at length breaks into it. 
In the same way a shallow anu.s-pit is 
formed in the skin behind, which grows 
deeper and deeper, advances towards the 
blind hinder end of the pelvic gut, and at 
last connects with It. There is at first, 
both before and behind, a thin partition 
betw’een the external cutaneous pit and 
the blind end of the gut—the throat- 
membrane in front and the anus-mem¬ 
brane behind ; these di.sappear when the 
connection lakes place. 

Directly in front of the anus-opening 
the allantois developes from the hind gut; 
this is the importaht embryonic structure 
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that 'forms into the placenta in the 
Placentals (including man). In this more 
advanced form the human alimentary 
canal (and that of all the other mammals) | 
is a slightly bent, cylindrical tube, Avitli 
an opening at each end, and two appen¬ 
dages growing from its lower i^all: the 
anterior one is the umbilical vesicle or 
yelk-sac, and the posterior the allantois 
or urinary sac (Fig- i 9 S); 

The thm wall of this simple alimentary 
tube and its ventral appendages is found, 
on microscopic examination, to consist of 
two strata of cells. The inner stratum, 
lining the entire cavity, consists of larger 
and darker cells, and is the gut-gland 
layer. The outer stratum consists of 
smaller and lighter cells, and is the gut- 
fibre layer. The only exception is in the 
cavities of the mouth and anus, because 
these originate from the skin. The inner 
coat of the mouth-cavity is' not provided 
by the gut-gland hiyer, but by the skin- 
sense layer; and its muscular substratum 
is provided, not by the gut-fibre, but the 
skin-fibre, layer. It is the same with the 
wall of the small anus-cavity. 

If it is asked how these constituent 
layers of the primitive gut-wall are 
related to the various tissues and organs 
that we find afterwards in the fully- 
developed system, the answer is very 
simple. It can be put in a single sen¬ 
tence. The epithelium of the gut- th.'it 
is to say, the internal soft stratum of cells 
that lines the cavity of the alimentary 
canal and all its appendages,' and is 
immediately occupied with the processes 
of nutrition—is formed solely iroin the 
gut-gland layer; all other tissues and 
organs that belong to the alimentary 
canal and its appendages originate from 
the gut-fibre layer. From the latter is 
also developed the whole of the outer 
envelope of the gut and its appendages ; 
the fibrous connective tissue and the 
smooth muscles that compose its muscular 
layer, the cartilages that support it (such 
as the cartilages of the larynx and the 
trachea), the blood-vessels and lymph- 
vessels that absorb the nutritive fluid from 
the ixitestines—in a word, all that there 
is in the alimentary system besides the 
epithelium of the gut. From the same 
layer we also get the whole of the 
mesentery, with all the organs embedded 
in it—the heart, the large blood-vessels of 
the body, etc. 

Let us now leave this original structure 
of the mammal gut for a moment, in 


order to compare it with the alimentary 
canal of the lower Vertebrates, and of 
those Invertebrates that we have recog¬ 
nised as man’s ancestors. We find, first 
of all, in the lowest Metazoa, the 
Gastra'ads, that the gut remains perma¬ 
nently in the very simple form in which 
we find it transitorily in the palingenetic 
gastrula of the other animals ; it is thus 
in the Gastremaria (Pemmatodiscus), 
the Physe maria (' Prophysema), the 
simplest Sponges ( Olynthus), the fresh¬ 
water Polyps tHydra), and the ascula- 
embryos of many other Ccelenteria (Figs. 



Fig. 351.— Scales or cutaneous teeth of a shark 
(Ceninyphorus calceus). A thrcc-pointeJ tooth rises 
obliquely on each of the quadrangular bony plates that 
he in the corium. (From Gesrnbanr.) 

233-238). Even in the simplest forms of 
the Platodes, the 'Rhabdocoela (Fig. 240); 
the gut is still a simple straight tulie, 
lined with the entoderm ; but with the 
important difference that in this case its 
single opening, the primitive mouth (mj, 
has formed a muscul.ir gullet fsd) by 
invagination of the skin. 

We have the same simple fotin in the 
gut of the lowest Vermalia (Gastfotricha, 
Fig. 242, Nematodes, Sagitta, etc.). But 
in these a second important opening of 
the gilt has been formed at the oppo¬ 
site end to the mouth, the anus (Fig. 
242 a). 
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We see a ffreat advance in the struc- ' respimtory^ branchial gut, the posterior^'' 
ture of the vennaJian gut in the remark- I the digestive hepatic gut. In both it* 
a We Bnianoj^Essus (Fig. 245), the sole ^ developes palingenetically from the primi- 
survivorof the Enteropneust class. Here I tive gut of thegastruJa, and in both the- 
we’ have the first appearance of the | hinder end of the medullary tube covers 
division of the alimentary tube into two! the primitive mouth to such an extent that 
sections that characterises the Chordonia. ' the remarkable medullary intestinal duct 
The fore half, the head-gut ^ cephalo- is formed, the passing communication 
becomes the organ of respiration between the neural and intestinal tubes 
(branchial gut, F'ig. 245 ; the hind fcanalis ticurenteric 7 is. Figs. 83, 85 neJ. 

half, the trunk-gut Itnincogaster), alone In the vicinity of the closed primitive 
acts as digestive organ (hepatic gut, r/). mouth, possibly in its place, the later 
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Fig. 353.— Gut of a human embryo, one-sixth of an Inch long, magnihed fifteen times. (From //ts ) 


The diflcrentiaiion of these two parts of 
the gut in the Enteropneust is just the 
same as in all the Tunicates and Verte¬ 
brates. 

It is particularly interesting and in¬ 
structive in this connection to compare 
the Enteropneusts with the Ascidia and 
the Amphioxus (Figs. 220, 210)—the | 
remarkable animals that form the con- i 
necting link between the Invertebrates 
and the Vertebrates. In both forms the 
gut is of substantially the same construc¬ 
tion ; the anterior section forms the 


anus is developed. In the same way the 
mouth is a fresh formation in the 
Amphioxus and the Ascidia. It is the 
same with the human mouth and that of 
the Craniotes generally. The secondary 
formation of the mouth in the Chordonia 
is probably connected with the develop¬ 
ment of the gill-clefts which are formed 
in the gut-wall immediately behind the 
mouth. In this way the anterior section 
of the gut is converted into a respiratory 
organ. I have already pointed out that 
this modification is distinctive of the 
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V^d^rates and Turticates. The phylo¬ 
genetic appearance of the gill-clefts 
nidicates the commencement of a new 
epoch in the stem-history of the Verte- 
bi'ates. 

In the further ontogenetic development 
of the alimentary canal in the human 
embryo the appearance of the gill-clefts is 
the most important process. At a very 
early stage the gullet-wall joins with the 
external body-wall in the head of the 
human embryo, and this is followed by 
the formation of four clefts, which lead 
directly into the gullet from without, on 
the right and left sides of the neck, 
behind the mouth. These are the gill or 
gullet clefts, and the partitions that 
.separate them arc the gill or gullet- 
arches (Fig. 171). These arc most inter¬ 
esting embryonic structures. They show 
us that all the higher Vertebrates repro¬ 
duce in their earlier stages, in harmony 
with the biogenetic law, the process that 
had so important a part in the rise of the 
whole Chordonia-stem, This process was 
the differentiation of the gut into two 
sections—an anterior respiratory section, 
the branchial gut, that was restricted to 
breathing, and a posterior digestive 
section, the hepatic gut. As we tind this 
highly characteristic differentiation of the 
gut into two different sections in all the 
Vertebrates and all the Tunicates, we 
may conclude that it was also found In 
their common ancestors, the Prochor- 
donia—especially as even the Entero- 
pneusts have it. (Cf. pp. 119, 151, 227, 
and Figs. 210, 220, 245.) It is entirely 
wanting in all the other Invertebrates. 

There is at first only one pair of gill- 
•clefts in the Amphioxus, as in the 
.Ascidia and Enteropneusts; and the 
•Copelata (Fig. 225) have only one pair 
'throughout life. But the number presently 
increases in the former. In the Craniotes, 
however, it decreases still further. The 
Cyclostomes have six ,to eight pairs 
(Fig. 247) ; some of the Selachii six or 
seven pairs, most of the fishes only four or 
five pairs. In the embryo of man, and 
the higher Vertebrates generally, where 
they make an appearance at an early 
stage, only three or four pairs are 
developed. In the fishes they remain 
throughout life, and form an exit for the 
water taken in at the mouth (Figs. 249- 
.251). But they are partly lost in the 
iarhphibia, and entirely in the higher 
‘Vertebrates. In these nothing is left but 
^ relic of the fiii'st gill-cleft. This is 


formed into a part of the organ of 
hearing; from it are developed the 
external meatus, the tympanic cavity, 
and the Eustachian lube. We have 
already considered these remarkable 
structures, and need only point here to 
the interesting fact that our middle and 
external ear is a modified inheritance 
from the fishes. The branchial arches 
also, which separate the clefts, develop 
into very different parts. In the fishes 
they remain gill-arches, supporting the 
respiratory gill-leaves. It is the same 
with the lowest amphibia, but in the 
higher amphibia they undergo various 
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Fig. 353.— Gut Of a dog-embpyo (shown in Fie. 
202, from Bischoff), seen from the ventral side, a g’iU- 
arches (four pairs), b rudiments of pharynx and larynx, 
c lung's, d stomach,y liver, g walls of the open yelk-sac 
(into which the middle gut opens with a wide aperture), 
h rectum. 

Fig. 354.— The same gut seen from the right. 
a lungs, b stom.-ich, c liver, d yelk-sac, e rectum. 

modifications ; and in the three higher 
classes of Vertebrates (including man) 
the hyoid bone and the ossicles of the ear 
develop from them. (Cf. p. 291.) 

From the first gill-arch, from the inner 
surface of which the muscular tongue 
proceeds, we get the first structure of the 
maxillary skeleton—the upper and lower 
jaw's, which surround the mouth and 
support the teeth. These important 
parts are wholly wanting in the two 
lowest classes of Vertebrates, the Acrania 
and Cyclostoma. They appear first in 
the earliest Selachii (Figs. 248-251), and 
have been transmitted from this stem- 
group of the Gnathostomes to the higher 
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Vertebrates. Hence the original forma¬ 
tion of the skeleton of the mouth can be 
traced to these primitive fishes, from 
which we have inherited it. The teeth 
are developed from the skin that clothes 


the jaws. As the whole mouth cavity 
originates from the outer integument 
(Fig. 350), the teeth also must come from 
it. As a fact, this is found to be the 
case on microscopic examination of the 
development and finer structure of the 
teeth. Tlie scales of the fishes, especially 
of the shark type (Fig. 351), are in the 
same position as their teeth in this 
respect (Fig. 252). The osseous matter 
of the tooth (dentine) devclopes from the 
corium; its enamel covering is a secretion 
of the epidermis that covers the corium. 
It is the same with the cutaneous teeth or 
placoid scales of the Selachii. At first 
the whole of the mouth was armed with 
these cutaneous teeth in the Selachii and 
in the earliest amphibia. Afterwards the 
formation of them was restricted to the 
edges of the jaws. 

Hence our human teeth .are, in relation 
to their original source, modified fish- 
scales. For the same reason we must 
regard the salivary glands, which open 
into the mouth, as epidermic glands, as 
' they are formed, not from the glandular 
layer of the gut like the rest of the 
alimentary glands, but from the epidermis, 
from the horny plate of the outer germinal 
layer. Naturally, in harmony with this 
evolution of the mouth, the salivary glands 
belong genetically to one series with the 
sudoriferous, sebaceous, and mammary 
glands. 

Thus the human alimentary canal is 
as simple as the primitive gut of the 
gastrula in its original structure. Later 


it resembles the gut of the earliest 
Vermalia (Gastrotricha). It then divides 
into two sections, a fore or branchial gut 
and a hind or hepatic gut, like the 
alimentary canal of the Balanoglossus, 
the Ascidia, and the 
Amphioxus. The for¬ 
mation of the jaws 
and the branchial 
arches changes it into 
a real fish-gut (Selti- 
chiij. But the bran¬ 
chial gut, the one 
reminiscence of our 
fish - ancestors, is 
afterwards atrophied 
;ls such. The parts 
of it that remain are 
converted into en¬ 
tirely different struc¬ 
tures. 

But, although the 
anterior section of our 
alimentary canal thus entirely loses its 
original character of branchial gut, it 
retains the physiological character of' 
respiratory gut. We are now astonished 
to find that the permanent respiratory 
organ of the higher Verlebrates, the air- 
breathing lung, i.s developed from this 
first part of the alimentary canal. _ Our 
lungs, trachea, and larynx are formed 
from the ventral wall of the branchial gut. 
The whole of the respiratory apparatus, 
which occupies the greater part of the 
pectoral cavity in the adult man, is at first 
merely a small pair of vesicles or sacs, 
which grow out of the floor of the head- 



Fig. 356.—Transverse section of the head of 
a Petromyzon-larva. (From Gegenhaur.) Be¬ 
neath the pharynx id) we see tlie hypobranchial 
(groove, above it the chorda and neural tube* 

C sUiges of constriction. 

gut Immediately behind the gills (Figsi* 
354 c, 147 1 ). These vesicles are found in 
all the Vertebrates except the two lowest 
classes, the Acrania and Cyclostonies. In 
tlie lower Vertebrates they do not develop 



.155-—Median section of _ the head of a Petromyzon-Iarva. 

(From Gegrnbaur.) h hypobranchi.-il groove (above it in the gullet we see 
the inteni.al openings oi the seven gill-clefts), v velum, o mouth, c heart, 
a auditory \'esiclc, n neural tube, ch chorda. 
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into '(ungs, but into a large air-filled 
bladder, which occupies a good deal of 
tlte bidy-cavity and has a quite diflerenl 
purpoiif. It serves, not for breathing, 
but to\ effect swimming movements up 
and dovn, and so is a sort of hydrostatic 
apparatus—the floating bladder of the 
fishes {iyecfocystis, p. *33). However, the 
. human lUngs, and those of all air-breath¬ 
ing Vertebrates, develop from the same 
simple vesicular appendage of the head- 
gut that l)ecomes the floating bladder in 
the fishe^ 

At firstthis bhidder has no respiratory 
function, but merely acts as hydrostatic 
apparatus for the purpose of increasing or 
lessening the specific gravity of the body, 
7'he fishes, which have a fully-developed 
floating bladder, can press it together, 
and thus condense the air it contains. 
The air also escapes sometimes from the 
alimentary canal, through .an air-duct 
that connects the floating bladder with 
the pharynx, and is ejected by the mouth. 
This lessens the size of the bladder, and 
so the fish becomes heavier and sinks. 
When it wishes to rise again, the bladder 
is expanded by relaxing the pressure. In 
many of the Crossopterygii the wall of 
the bladder is covered with bony plates, 
as in the Triassic Undina (Fig. 254). 

This hydrostatic apparatus begins in 
the Dipneusls to change into a respiratory 
. organ ; the blood-vessels in the wall of 
the bladder now no longer merely secrete 
air themselves, but also take in fresh 
air through the air-duct. This process 
reaches its full development in the Am¬ 
phibia. In these the floating bladder has 
turned into lungs, and the air-passage 
into a trachea. The lungs of the Am¬ 
phibia have been transmitted to the three 
higher classes of Vertebrates. In the 
Ibwest Amphibia the lungs on either side 
are still very simple transparent sacs with 
thin walls, as m the common water- 
salamander, the Triton. It still entirely 
resembles the floating bladder of the 
• fishes. It is true that the Amphibia have 
two lungs, right and left. But’ the float¬ 
ing bladder is also double in many of the 
fishes (such as the early Ganoids), and 
divides into right and left halves. On 
, the otlier hand, the lung is single in 
Ceratodus (Fig. 257). 

. In the human embryo and that of all 
the other Amniotes the lungs develop 
from the hind part of the ventral wall ol 
l-the head-gut (Fig. 149). Immediately 
the single structure of the thyroid 


gland a median groove, the rudiment of 
tile trachea, is detached from the gullet. 
From its hinder end a couple of vesicles 
develop—the simple tubular rudiments of 
the right and left lungs. They afterwards 
increase considerably in size, fill the 
greater part of the thoracic cavity, and 
take the heart between them. Even in 
the frogs we find that the simple s:u: has 
developed into a spongy body of peculiar 
froth-hke tissue. The. originally short 
connection of the pulmonary sacs with 
the head-gut extends into a long, thin 
tube. This is the wind-pipe (trachea); 
it opens into the gullet above, and divides 
below into two branches which go to the 
two lungs. In the wall of the trachea 



357.—Thoracic and abdominal ylscera of 

a hiiiTian embryo of twelve weeks, natural sii/e, (From 
Kollikei'.) The head is omitted. Ventral and pec¬ 
toral walls .arc removed. The greater part of the 
body-cavity is taken up with the liver, from the middle 
part of which the ceecum and the vermiform appendix 
protrude. Abo\e the di.'ipliragm, in the middle, is the 
conical heart; to the right and left of it are the two 
small limg.s. 

circular cartilages develop, and these 
keep It open, At its upper end, under¬ 
neath its pharyngeal opening, the larynji 
is formed-the organ of voice and speech. 
The larynx is found at various stages of 
development in the Amphibia, and com¬ 
parative anatomists arc in a position to 
trace the progressive growth of this im¬ 
portant organ from the rudimentary 
structure of the lower Amphibia up to the 
elaborate and delicate vocal apparatus 
that we liavc in the larynx of man and of 
the birds. 

We must refer here to an interesting 
rudimentary organ of the respiratory gut, 
the thyroid gland, the large gland in front 
of the larynx, that fieg b^low the “ Adam’s 
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apple,” and is often especially developed 
in the male sex. It has a certain function 
—not yet fully understood—in the nutri¬ 
tion of the body, and arises in the embryo 
by constriction from the lower wall of the 
pharynx. In many mining; districts the 
thyroid g;land is peculiarly liable to 
morbid enlargement, find then forms 
goitre, a growth that hangs at the front 
of the neck. But it is much more interest¬ 
ing phylogcnetically. AsWIlhelm Miillcr, 
of Jena, has shown, this rudimentary 
organ is the last relic of the hypobranchial 
groove, which we considered in a previous 
chapter, and whicli runs in the middle 
line of the gill-crate in the Ascidia and 
Amphioxus, and conveys food to the 
stomach. (Cf. p. 184, Fig. 246). We still 
find it in its original character in the larvae 
of the Cyclostomes (Figs. 355 and 356). 

The second section of the alimentary 
canal, the trunk or hepatic gut, undergoes 
not less important modifications among 
our vertebrate ancestors than the first 
section. In tracing the further develop¬ 
ment of this digestive part of the gut, we 
find that most complex :ind elaborate 
organs originate from .a very rudimentary 
original structure. For clearness we 
may divide the digestive gut into three 
sections: the fore gut (with oesophagus 
and stomach), the middle gut (duodenum, 
with liver, pancreas, jejunum, and ileum), 
and the hind gut (colon and rectum). 
Here again we find vesicular growths or 
appendages of the originally simple gut 
developing into a variety of organs. Two 
of these embryonic structures, the yelk-sac 
and allantois, are already known to us. 
The two large glands that open into the 
duodenum, the liver and pancreas, arc 
growths from the middle and most im¬ 
portant part of the trunk-gut. 

Immediately behind the vesicular rudi¬ 
ments of the lungs comes the section of 
the alimentary canal that forms the 
stomach (Figs. 353 d, 35.^ H). This sac- 
shaped organ, which is chiefly responsible 
for the solution and digestion of the food, 
has not in the lower Vertebrates the 
great physiological importance and the 
complex character that it has in the 
higher. In the Acrania and Cyclostomes 
and the earlier fishes we can scarcely dis¬ 
tinguish a real stomach ; it is represented 
merely by the short piece from the bran¬ 
chial to the hepatic gut. In some of the 
other fishes also the stomach is only a 
very simple spindle-shaped enlargement 

the beginning of the digestive section 


of the gut, running straight from front to 
back in the median plane of the body, 
underneath the vertebral column.. In the 
mammals its first structure is just as 
rudimentary as it is pcrmanentlj in the 
preceding. But its various parts soon 
begin to develop. As the left side of the 
spindle-shaped sac grows mucji more 
quickly than the right, and as it turns 
considerably on its axis at the same time, 
it soon comes to lie obliquely. The upper 
end is more to the left, and the lower end 
more to the right. The forejnost end 
draws up into the longer and narrower 
canal of the avsophagus. Underneath 
this on the left the blind sac (fundusj of 
the stomach bulges out, and thus the 
later form gradually developes (Figs. 349, 
184 e). The original longitudinal axis 
becomes oblique, sinking below to the 
left and rising to the right, and approaches 
nearer and nearer to a transverse position. 
In the outer layer of the stomach-wall the 
powerful muscles that accomplish the 
digestive movements develop from the 
gut-fibre layer. In the inner layer a 
number of small glandular tubes are 
formed from the gut-gland layer ; these 
are the peptic glands that secrete the 
gastric juice. At the lower end of the 
g.'istric sac is developed the valve that 
separates it from the duodenum (the 
pylorus. Fig. 349 d). 

Underneath the stomach there now' 
developes the disproportionately long" 
stretch of the small intestine. The 
development of this section is very simple, 
and consists essentially in an extremely 
rapid and considerable growth length¬ 
ways. It is at first very short, quite 
straight, and simple. But immediately 
behind the stomach we find at an early 
stage a horseshoe-shaped bend and loop 
of the gut, in connection with the sever¬ 
ance of the alimentary canal from the 
yelk-sac and the development of the first 
mesentery. The thin delicate membrane 
that fastens this loop to the ventral side 
of the vertebral column, and fills the inner 
bend of the horseshoe formation, is the 
first rudiment of the mesentery (Fig„ 
* j?)- We find at an early stage a con¬ 

siderable growth of the small intestine; 
it is thus forced to coil it.self in a number 
of loops. The various sections that we 
have to distinguish in it 4 rc differentiated 
in a very simple way—the duodenum 
(next to the stomach), the succeeding long 
jejunum, and the last section of the smau 
intestine, the ileum. 
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From the duodenum are developed the 
two ikrge glands that we have already 
mentioned—the liver and pancreas. The 
liver appears first in the shape of two 
small sacs, that are found to the right and 
left immediately behind the stomach (Figs. 
353 /» 354 inany of the lower Verte¬ 

brates mey remain separate for a long 
time (in the Myxinoides throughout life), 
or are only imperfectly joined. In the 
higher Vertebrates they soon blend more 
or less completely to form a single large 
organ. Jhe growth of the liver is very 
brisk at first. In the human embryo it 
grows so much in the second month of 
development that in the third it occupies 
by ?ar the greater part of the body-cavity 
(Fig. 357). At first the two halves 
develop equally ; afterwards the left falls 
far behind the right. In consequence of 
the unsymmctrical development and turn¬ 
ing of the stomach and other abdominal 
viscera, the whole liver is now pushed to 
the right side. Although the liver docs 
notafterwards grow so disproportionately, 
it is comparatively larger in the embryo 
at the end of pregnancy than in the adult. 
Its weight relatively lo that of the w’hole 
body is 1 : 36 in the adult, and 1 ; i8 in 
the embryo. Hence it is very important 
physiologically during embryonic life ; it 
is chiefly concerned in the formation of! 
blood, not so mucli in the secretion of' 
bile. • 

Immediately behind the liver a second 
large visceral gland developcs from the 
duodenum, the pancreas or sweetbread. 
It is wanting in most of the lowest classes 
of Vertebrates, and is first found in the 
fishes. This organ is also an outgrowth 
from the gut. 

The last section of the alimentary canal, 
the large intestine, is at first in the 
embryo a very simple, short, and straight 
tube, which opens behind by the anus. It 
remains thus throughout life in the lower 
Vertebrates. But it grows considerably 
in the mammals, coils into various folds, 
and divides into two sections, the first and 
longer of which is the colon, and the 
second the rectum. At the beginning of 
the colon there is a valve (vahmla Bau- 
hini) that separates it from the small 
intestine. Immediately behind this there 
is a sac-like growth, which enlarges into 
the ccBCum (Fig. 357 7;). In the plant- 
bating mammals this is very large, but it 


is very small or completely atrophied in 
the flesh-eaters. In man, and most of 
the apes, only the first portion of the 
coecum is wide ; the blind end-part of it 
is very narrow, and seems later to be 
merely a useless»:ippendage of the former. 
This “vermiform appendage” is very 
interesting as a rudimentary organ. The 
only significance of it in man is that not 
infrequently a cherry-stone or some other 
hard and indigestible matter penetrates 
into its narrow cavity, and by setting up 
inflammation and suppuration'causes the 
death of otherwise sound men. Teleo¬ 
logy has groat difficulty in giving a 
rational e.xplanation of, and .attributing 
to a beneficent Providence, this dreaded 
appendicitis. In our plant-eating ances¬ 
tors this rudimentary organ was much 
larger and had a useiul function. 

Finally, we have important appendages 
of the alimentary tube in the bladder and 
urethra, which belong to the alimentary 
system. These urinary organs, acting as 
reservoir and duct for the urine excreted 
by the kidneys, origin.ite from the inner¬ 
most part of the allantoic pedicle. In the 
Dipneusts and Amphibia, in wJiich the 
allantoic sac first m.akes its appearance, 
it remains within the body-cavity, and 
functions entirely as bladder. But in all 
the Amniotes it grows far outside of the 
body-cavity of the enil>ryo, and forms the 
large embryonic “ primitive bladder,” 
from which the placenta dcvelopes in the 
higher mammals. This is lost at birth. 
But the long stalk or pedicle of the allan¬ 
tois remains, and forms with its upper 
part the middle vesico-umbilic.'il ligament, 
a rudimentary organ that goes in the 
shape of a solid string from the vertex of 
the bladder lo the navel. The lowest part 
of the allantoic pedicle (or the “ urachus ”) 
remains hollow, and forms the bladder. 
At lir.st this opens into the last .section of 
the gut in man as in the lower Verte¬ 
brates ; thus there is a rc.al clo.aca, which 
takes off both urine and excrements. 
But among the mammals this cloaca is 
only permanent in the Monotremes, as it 
is in all the birds, reptiles, and amphibia. 
In all the other mammals (marsupials and 
placentals) a tran.sverse partition is after¬ 
wards formed, and this separates the uro¬ 
genital aperture in front from the anus¬ 
opening behind. (Cf. p. 249 and Chapter 
XXIX.) 
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The flee (Jiat we have hitherto made of 
pur biojjenetlc law will jfivc the reader an ! 
videa how far we may trust its guidance in 
phylogenetic investigation. This differs , 
considerably in the various systems of | 
organs; the reason Is that heredity and 
variability have a very different range in 
* these systems. While some of them faith¬ 
fully preserve the original palingenetic 
development inherited from earlier animal 
ancestors, others show little trace of this 
rigid heredity; they are rather disposed 
to follow new and divergent cpnogeiietic 
lines of development in consequence of 
adaptation. Tlie organs of the first kind 
represent the consenmiive element in the 
imulticelluiar state of the human frame, 
while die latter represent the progressive 
lelement. The course of historic de\ clop- 
iment is a result of the correlation of the 
, itwo tendencies, and they must be care¬ 
fully distinguished. 

There is perhaps no other system of 
'Organs in the human body in which this 
is more necessary than in that of which 
we arc now going to consider the obscure 
■development—the vascular system, or 
apparatus of circulation. If we were to 
•draw our conclusions as to the original 
features in our earlier animal ancestors 
isolely from the phenomena of the develop¬ 
ment of this system in the embryo of man 
and the other higher Vertebrates, we 
should be wholly misled. By a number 
of important embryonic adaptations, the 
chief of which is the formation of an 
extensive food-yelk, the original course 
of the development of the vascular system 
has been so much falsified and curtailed 
in the higher Vertebrates that little or 
nothing now remains in their embryology 
of some of the principal phylogenetic 
features. We should be quite unable to 
explain these if - comparative anatomy' 
and ontogeny did not come to our assis¬ 
tance. 

The vascular system in man and all the 
yCraniotes is an elaborate apparatus of 


cavities filled with juices or cell-containing 
fluids. These “vessels ” (vascula) play 
an important part in the nutrition of the 
body. They partly conduct the nutritive 
red blood to the various parts of the Ibdy 
(blood-vessels); partly absorb from the 
gut the white chyle iormed in digestion 
(chyle-vessels) ; and partly collect ijie 
used-up juices and convey them away 
from the tissues (lymphatic vessels). 
With the latter are co[jnccted the large 
cavities of the body, especially the body- 
cavity, or coeloma. The lymphatic ves.sel.s 
conduct both the colourless lymph and 
the white chyle into the venous part of 
the circulation. The lymphatic glands 
act as producers of new blood-cells, and 
with them is associated the spleen. The 
centre of movement for the circulation of 
the fluids is the heart, a strong muscular 
sac, which contracts regularly and is 
equipped with valves like a puiijp. This 
constant and steady circulation of the 
blood makes possible the complex meta¬ 
bolism of the higher animals. 

But, however important the vascular 
system may be to the more advanced and 
larger and highly-differentiated animals, 
it is not at all so indispensable an element 
of animal life as is commonly supposed. 
The older science of medicine regarded 
the blood as the real source of life. Even 
in the still prevalent confused notions of 
heredity the blood plays the chief part. 
People speak generally of full blood, half 
blood, etc., and imagine th.at the.here¬ 
ditary transmission of certain characters 
“ lies in the blood.” The incorrectness of 
these Ideas is clearly seen fi'om the fact 
that In the act of generation the blood of 
the parents is not directly transmitted tp 
the offspring, nor does the embryo possess 
blood in its early stages. We have 
already seen that not only the differentia¬ 
tion of the four secondary germinal layers, 
but also the first structures of the princi¬ 
pal organs in the embiy'O of all the Verte¬ 
brates, take place long before there is any 
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trace of the vascular system—the heart 
tjjte blood. In accordance with this 
ontogenetic fact, we must regard the 
vascular system as one of the latest 
organ^ from the pliylogcnetic point of 
view, just as we have found the alimentary 
canal to be one of the earliest. In any 
case, tile vascular system is much later 
than the alimentary. ' 

The Important nutritive fluid that 
circulates as blood and lymph in the 
elaborate canals of our vascular system 
is not a clear, simple fluid, but a \cry 
complex chemical juice with millions of! 


v^scuiAE system: "; ’ 

The red colour of Ihe blood is caused by 
the great accumulation of the toper, 
the others circulate among th^i in 
much smaller quantity. When the 
colourless cells increase at the expense of* 
the red we get ana'mia (or chlorosis). • 
The lymph-cells (leucocytes), commpnly 
called the “white corpuscles” of the blood, 
are phylogenetically older and • more 
widely distributed in. the animal world 
than the red. The great majority of tlie 
Invertebrates that have acquired an 
independent vascular system h^Mie only 
colourless lymph-cells in the circulating 



Fig. 358. 





Fig. 358.— Red blood-cells of various Vertebrates (equally niaf?nifieil). 1. uf man. 2, camul, s- Uove, 
proteus, wat«r-s.alamander 6 . frog, 7. merlin ( Cobilis), ft. lamprey (Prlmniyzon). a. surface- 

view, 6 edge-view, (from IVag^ier.) 

Fig. 3^9.- -Vascular tissues or endothellutn A capillary from the mesentery, avascular 

cells, b thetr nuclei. 


cells floating in it. These blood-cells are 
just as important in the complicated life 
of the higher animal body as the circula¬ 
tion of money is to the commerce of a 
civilised community. Just as the citizens 
meet their needs most conveniently by 
means of a financial circulation, so the 
various tissue-cells, the microscopic 
citizens of the multicellular human body, 
have their food conveyed to them best by 
the circulating cells in the blood. These 
blood cells (hcemocytes) are of two kinds 
in man and all the other Craniotes—red 
cells (rhodocytes or erythivcyles) and 
colourless or lymph cells (leucocytes). 


fluid. There is an exception in the 
Nemertines (Fig. 358) and some groups 
of Annelids. When we examine the 
colourless blood of a cray-fish or a snail 
(Fig. 358) under a high power of the 
microscope, we find in each drop numbers 
of mobile leucocytes, which behave just 
like independent Amceba? (Fig. 17). Like 
these unicellular Protozoa, the colourless 
blood-cells creep slowly about, their un¬ 
shapely plasma-body constantly changing 
its form, and stretching out finger-like 
processes first in one direction, then 
another. Like the Amoebae, they take 
particles into their cell-body. On account 
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of this feature these anicxiboid piastids are 
called “ eating cells ” (phagocytes), and 
on account of their nioltons “ travelling 
cells ” {planorytes). It has been shown 
by the discoveries of the last few decades 
that these leucocytes are of the greatest 
physiological and pathological consc- 
(juence to the organism. They can 
absorb cither solid or dissolved particles 
from the wall of the gut, and convey them 
to the blood in the chyle ; they can absorb 
and remove unusable matter from the 
tissues. When they pass in large quanti¬ 
ties through the fine pores of the capil¬ 
laries and accumulate at irritated spots, 
they cause inflammation. They can con¬ 
sume and destroy bacteria, the dreaded 
vehicles of infectious diseases ; but they 
can also transport these injurious Monera 
to fresh regions, and so extend the sphere 


globin )\^ regularly distributed in Uie pores 
of their protoplasm. The red c^ls of 
most of the Vertebrates arc elliptical flat 
disks, and enclose a nucleus of the.same 
shape ; they difl'er a good deal in size 
(Kig. 358). The mammals are distin¬ 
guished from the other Vertebrates by the 
circul.'ir form of their biconcave red cells 
and by the absence of a nucleus (Fig. i); 
only a few genera still have the elliptic 
form inherited Irom the reptiles (Fig. 2). 
In the embryos of the mammals tlje red 
cells have a nucleus and the power of 
increasing by cleavage (Fig. 10). 

The origin of the blood-cells and vessels 
in the embryo, and their relation to the 
germinal layers and tissues, arc ampng 
the most difficult problems of ontogeny— 
those obscure questions on which the 
most divergent opinions arc still advanced 



Fig. 360.—Transverse section of the trunk ot a chick-embryo, forty-five nours old. (From 
Hal/our.) A ectoderm (horny-pliite), Afi medullary lube, ch cliord,-!, C entoderm (('ut-^'l.ind layer), Pv primitive 
segment (episomite), Wd prorcn.al duct, ftp cceloma (second.iry hody-c.ivity), So skin-fibre layer, gut-fibre 
layer, 11 blood-vessels in latter, no primitive aort.is, cont.^ining red blood-cells. 


of infection. It Is probable that the 
sensitive and travelling leucocytes of our 
invertebrate ancestors have powerfully 
co-operated for millions of years in the 
phylogenesis of the advancing animal 
organisation. 

The red blood-cells have a much more re¬ 
stricted sphere of distribution and activity. 
But they al.so arc very importjxnt in con¬ 
nection with certain functions of the 
craniole - organism, especially the ex- j 
change of g^ses or respiration. The cells 
of the dark red, carbonised or venous, 
blood, which have absorbed carbonic acid 
from the animal tissues, give this off in 
the respiratory organs; they receive 
instead of it fresh oxygen, and thus bring 
about the bright red colour that distin¬ 
guishes oxydised or arterial blood. The 
red colouring matter of the blood Chesmo- 


by the most competent scientists. In 
gencnal, it isccrtJiin that the greater part 
of the cells that compose the vessels and 
their contents come from the mesoderm— 
in fact, from the gut-fibre layer ; It was 
on this account that Baer gave the name 
of “ vascular layer ” to this visceral layer 
of the coeloma. But other important 
observers say that a part of these cells 
come from other germinal layers, espe¬ 
cially from the gut-gland layer. It seems 
to be true that blood-cells may be formed 
from the cells of the entoderm before the 
development of the mesoderm. If we 
examine sections of chickens, the earliest 
and most familiar subjects of embryology, 
we find at an early stage the “ primitive 
aortas ” we have already described (Fig. 
360 (w) in the ventral angle between the 
episoma (Pv) and hyposoma (Sp). The 
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thin wall of these first vessels of the 
ainniote embryo consists of flat cells 
(endothelia or vascular cpithelia); the 
fluid within already contains numbers of 
red blood-cells; both have been developed 
from the gut-fibre layer. It is the same 
with the vessels of the germinative area 
(Fig. 361 7»), which lie on the entodermic 
membrane of the yelk-sac (c). These 
features are seen still more clearly in the 
transverse section of the duck-embryo in 
Fig. 152 (p. 141). In this we sec clearly 
how a number of stellate cells proceed 
from the “ vascular layer ” and spread in 
all directions in the “primary body-cavity” 
— i.i., in the spaces between the germinal 
layers, h part of these travelling cells 
come together and line the wall 
of. the larger spaces, and thus 
form the first vessels; others enter 
into the cavity, live in the fluid 
that fills it, and multiply by cleav¬ 
age—the first blood-cells. 

But, besides these mesodcrmic 
cells of the “ vascular layer ” 
proper, other travelling cells, of 
which the origin and purport are 
still obscure, take part in the 
formation of blood in the mero- 
blastic Vertebrates (especially 
fishes). The chief erf these are 
those that Riickert has most aptly 
denominated “ merocytes.” These 
“eating yelk-cclls ” are found in 
large numbers in the food-yelk of 
the Selachii, especially in the yelk- 
wall—the border zone of the 
germinal disk In which the em¬ 
bryonic vascular net is first 
developed. The nuclei of the 
merocytes become ten times as 
large as the ordinary cell-nucleus, 
and are distinguished by their 
strong capacity for taking colour, or 
their special richness In chromatin. 
Their protoplasmic body resembles the 
stellate cells of osseous tissue (astro¬ 
cytes), and behaves just like a rhizo- 
pod (such as Gromia); it sends out 
numbers of stelLate processes all round, 
which ramify and stretch into the sur¬ 
rounding food-yelk. These variable and 
very mobile processes, the pseudopodia of 
the merocytes, serve both for locomotion 
and for getting food ; as in the real 
rhizopods, they surround the solid particles 
of food (granules and plates of yelk), and 
accumulate round their nucleus the food 
they have received and digested. Hence 
we may regard them both As eating-cells 


(phagocytes) and travelling-cells (plano- 
cytes). Their lively nucleus divides 
quickly and often repeatedly, so that a 
number of new nuclei are formed in a 
short time ; as each fresh nucleus sur¬ 
rounds itself with a mantle of protoplasm, 
it provides a new cell for the construction 
of the embryo. Their origin is still much 
disputed. 

Half of the twelve stems of the animal 
world have no blood-vessels. They make 
their first appearance in the Vermalia. 
Their earliest source is the primary body- 
cavity, the simple space between the two 
primary germinal layers, which is either 
a relic of the segmcntation-c.ivity, or is a 
subsequent formation. Amoeboid plano- 


cytes, which migrate from the entoderm 
and reach this fluid-filled primary cavity, 
live and multiply there, and form the 
first colourless blood-cells. We find the 
vascular system in this very simple form 
to-day in the Hryozoa, Rotatoria, Nema- 
toda, and other lower Vermalia. 

The first step in the improvement of 
this primitive vascular system is the 
formation of larger canals or blood- 
conducting tubes. The spaces filled with 
blood, the relics of the primary body- 
cavity, receive a special wall. “ Blood¬ 
vessels ” of this kind (in the narrower 
sense) are found among the higher worms 
in various forms, sometimes ve^ simple, 
at other times very complex. The form 



Fig. 361.— Merocytes of a shark-embryo, rhi/opod-like 
yclk-cells underneath the embryonic cavity^ B). (From 
s - wo embryonic cells, k nuclei of the merocytes, which wander 
about iif the yelk .and c.at sm.all yelk-plates A-sm.iller, more 
superficial, lighter nuclei, k' a deeper nucleus, in the art of 
cle.ivage, k* chromatin-filled border-nucleus, freed from the 
surrounding yelk in order to show the numerous pscudopodia of 
the protoplasmic cell-body. 
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that was probably the incipient structure 
of the elaborate vascular system of the 
Vertebrates (and of the Articulates) is 
found in two primordial principal vessels 
—a dorsal vessel in the middle line of the 
dorsal wall of the jfut, 
and a ventral vessel that 
runs from front to rear 
in the middle line of its 
ventral wall. From the 
dorsal vessel is evolved 
the aorta (or principal 
artery), from the ventral 
vessel the principal or 
subintestinal vein. The 
two vessels arc connected 
in front and behind by 
a loop that runs round 
the jjut. The blood con¬ 
tained in the two tubes 
is propelled by their peri¬ 
staltic contractions. 

The earliest Vermalia 
in which we first find this 
independent vascular 
system are the Nemertina 
(Fig^. 244). As a rule, 
they have three parallel 
longitudinal vessels con¬ 
nected by loops, .T. single 
dorsal vessel above the 
gut and a pair of lateral 
vessels to the right .and 
left. In some of the 
Nemertina the blood is 
already coloured, and the 
red colouring matter is 
real haemoglobin, con¬ 
nected with elliptic.al dis¬ 
coid cells, as in the Verte¬ 
brates. The further evo¬ 
lution of this rudimentary 
vascular system can be 
gathered from the class 
of the Annelids in which 
we find it at various stages of develop¬ 
ment. First, a number of transverse 
connections are formed between the 
dorsal and ventral vessels, which pass 
round the gut ring-wise (Fig. 362). 
Other vessels growinto the body-wall and 
ramity in order to convey blood to it. In 
addition to the two large vessels of the 
middle plane there are often two lateral 
vessels, one to the right and one to the 
left ; as, for instance, in the leech. There 
are four of these parallel longitudinal 
vessels in the Enteropneusts (Balano- 
glossus. Fig. 245). In these important 
vermalia the foremost section of the gut 


has already been converted into a gill- 
crate, and the vascular arches that rise in 
the wall of this from the ventral to the 
dorsal vessel have become branclual 
vessels. 

We have a further important advance 
in the Tunicates, which we have recog¬ 
nised as the nearest blood-relatives of our 
early vertebrate ancestors. Here we 
find for the first time a real heart—a 
central organ of circulation, driving the 
blood Into the vessels by the regular 
contractions of its muscular wall. It is 
of a very rudimentary character, a spindle- 
shaped tube, passing at both ends into a 
principal vessel (Fig. 221). By its original 
position behind the gill-crate, on the 
ventral side of the Tunicates (sometimes 
more, sometimes less, forward), the heart 
shows clearly that it has been formed by 
the local enlargement of a section of the 
ventral vessel. We have already noticed 
the remarkable alternation of the direc¬ 
tion of the blcwd stream, the heart driving 
it first from one end, then from the other 
(p. 190). This is very instructive, because 
in most of the worms (even the Entero- 
pneust) the blood in the dorsal vessel 
travels from back to front, but in the 
Vertebrates in the opposite direction. As 
the Ascidia-heart alternates steadily from 
one direction to the other, it shows us 
permanently, in a sense, the phylogenetic 
transition Irom the earlier forward direc¬ 
tion of the dorsal current (in the worms) 
to the new backward direction (in the 
Vertebrates). 





Fir.. 363.—Head of a flsh-embryo, with 

tciry vafioular syaitcm. from the lett.* dc Cuvics'e ^ct 
(juncture of the anterior and posterior princi.|)ait veins), 
sv \enous sinus (enlarged end of Cuvier's, duct), a 
auricle, v ventricle, tltr trunk of branchial artery, » 
gill-cleits (arterial arches between), ad aorta, e cafOtid 
artery, n nasal pit. (From Ce^nhaur ) 

As the new direction became pierma- 
nent in the earlier Prtx:hordonia, which 
gave rise to the Vertebrate stem, tlie two 
vessels that proceed from cither end of 
the tubular licart acquired a fixed function. 



Fio. 36a.— Vas¬ 
cular system of 
an Annelid {Ste- 
nurU A loremost 
section, d dorsal 
vessel, V ventral 
vessel, ctransyerse 
connection of two 
(enlarged in shape 
of heart)._ The 
arrows indicate 
the direction ol 
the flow of blood. 
(From Gegcn- 
6 aur.) 
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The foremost section of the ventral 
vessel henceforth alwa}’s conveys blood 
from the heart, and so acts as an artery ; 
the hind section of the same vessel bringfs 
the blood from the body to the heart, and 
so becomes a vein. In view of their 
relation to the two sections of the {^ut, we 
may call the latter the intestinal vein 
and the former the branchial artery. The 
blood contained in both vessels, and also 
in the heart, is venous or carbonised 
blood—/.<?., rich in carbonic acid ; on the 
other hand, the blood that passes from 
the gills into the dorsal" vessel is provided 
^ith fresh oxygen—arterial or oxydised 
blood. The finest branches of the arteries 


the venous blood gathers in a ventral 
vessel under the gut (intestinal vein), and 
goe.s back to the gills. A number of 
branchial vascular arches, which effect 
respiration and rise in the wall of the 
branchial gut from belly to back, absorb 
oxygen from the water and give off 
carbonic acid ; they connect the ventral 
with the dorsal vessel. As the same 
section of the ventral vessel, which also 
forms the heart in the Craniotes, has 
developed in the Ascidia into a simple 
tubular heart, wc may regard the absence 
of tliis in the Amphioxus as .a result of 
degeneration, a return in this case to the 
earlier form of the vascular systoin, as we 



Fia. 364.— The five arterial arches of the Craniotes ( r s) '» tlu>ir aihpusltion. a arterial cone 

or bulb, a' aorta-trunk, c carotid artery (foremost continnation of the roots oi the aorta). (From Rufhke.) 

F16. 365.— The five arterial ai^ches of the birds ; the ht»hter parts of the structure disappear : only the 
shaded parts remain. Letters as in Fig. 364. ? subclavian arteries, / pulmonary artery, p' branches of same, r' 

outer carotid, r" inner carotid. (¥ram Rathke.) 

Fio. 366.—The five arterial, arches of mammals : letters as in Fig. 365. v vertebral artery, P Botall’s 
duct (open in the embryo, closed afterwards). (F rom Ralhkr.) 


and vcias pass into each other in the 
tissues by means of a network of very 
fine, ventral, hair-like vessels, or capil¬ 
laries (Fig. 359). 

When we turn from the Tunicates to 
the closely-related Amphioxus we are 
astonished at first to find an apparent 
retrogression in the formation of the 
vascular system. 'As we have seen, the 
Amphioxus has no real heart; its colour¬ 
less blood is driven along in its vascular 
system by the principal vessel itself, 
which contracts regularly in its whole 
length (cf. Fig. 210). A dorsal vessel 
that lies above the gut (aorta) receives 
the arterial blood from the gills and drives 
It iato the body. Returning from liere, 


find It in many of the worms. We may 
assume Ibat the .Acrania that really 
belong lo our ancestral .series did not 
share this rctn>gression, but inherited the 
onc-chambered heart of the Prochordonia, 
and transmitted it directly to the earliest 
Craniotes (cf. the ideal Primitive "Verte¬ 
brate, Pmspondylus, Figs. 98-102). 

The further phylogenetic evolution of 
the vascular .system is revealed to _us by 
the comparative anatomy of the Craniote.s. 
At the lowest stage of this group, in the 
Cyclostomcs, we find for the first time the 
differentiation of the vasorium into two 
sections: a .system of blood-vessels proper, 
which convey the red blood alxjut the 
body, ^nd a system of lymphatic vessels, 
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which absorb the colourless lymph from 
the tissues and convey il to the blood. 
The lymphatics that absorb from the gut 
.and pour into the blood-stream the milky 
food-fluid formed by digestion arc distin¬ 
guished by the special name of “ chyle- 
vessels.” While the chyle is white on 
account of its high proportion of fatty 

S irticles, the lymph proper is colourless. 

oth chyle and lymph contain the colour¬ 
less ama'boid cells (leucocytes, Fig. 12) 
that we also find dustributed in the 
blood as colourless blood-cells (or “ white 
corpuscles”); but the blood also contains 
a much larger quantity of red cells, and 
these give its characteristic colour to the 
bk)od of the Craniotes (rhodocylcs, Fig. 
35^)* The distinction between lymph, 
chyle, and blood-vessels which is found in 
all the Craniotes may be regarded as an 


receives the venous blood from the body 
and passes it on to the anterior section, 
the ventricle. From this it is driven 
through the trunk of the branchial artery 
(the foremost section of the ventral vessel 
or principal vein) into the gills. 

In the .Selachii an arterial cone is 
developed from the foremost end of the 
ventricle, as a special division, cut off by 
valves. It passes into the enlarged base 
of the trunk of the branchial artery (Fig. 
363 abr). On each side 5-7 arteries 
proceed from it. These rise between the 
gill-clefts (s) on the gill-arches, surround 
the gullet, and unite above into a common' 
trunk-aorta, the continuation of which 
over the gut corresponds to the dorsal 
vessel of the worms. As the curved 
arteries on the gill-arches spread into a 
network of respiratory capillaries, they 
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Fig. 368. 


Fig. 369. 


Fig.s. 367-70.— Metamorphosis of the live arterial arches in the human embryo (diagram from 
JfathMe). la arterial rone, /, 3, 3, 4, s first to fifth pair ot arteries, ad trunk of aorta, am roots of aorta. In 
3^7 only throe, in Fig. 368 all five, of tlio aortic arches .iro given (the dotted ones only are developed). In 
Pig- 3 ^ tfie first two pairs have disappeared again. In Fig. a/o the permanent trunks of the artery are shown ; 
the dotted parts disappear, s subclavian artery, v vertebral, a\ axillary, r carotid (o' outer, r" inner carotid), 
^ pulmonary. 


outcome of division of labour between 
various sections of our originally simple 
vascular system. In the Gnathostomes 
the spleen makes its first appearance, an ! 
organ rich in blood, the chief function of 
w’hich is the extensive formation of new 
colourless and red cells. It is not found 
in the Acrania and Cyclostoines, or any of 
the Invertebrates. It has been trans¬ 
mitted from the earliest fishes to all the 
Craniotes. 

The heart also, the central organ of 
circulation In all the Craniotes, shows an | 
advance In structure in the Cyclostomes. ^ 
The simple, spindle-shaped heart-tube, ’ 
found in the same form in the embryo of i 
all the Craniotes, is divided into two ' 
sections or chambers in the Cyclostomes, 
and these are separated by a pair of 
valves. The hind section, the auricle, 


contain venous blood in their lower part 
(as arches of the branchial artery) and 
arterial blood in the upper part (as 
arches of the aorta). The junctures of 
the various aortic |)rches on the right and 
left arc called the roots of the aorta. Of 
an originally large number of aortic 
arches there remain at first six, then 
(owing to degener.ation of the fifth arch) 
only five, pairs ; and from tliese five pairs 
(Fig. 364)‘the chief parts of the arterial 
system develop in all the higher Verte¬ 
brates. . 

The appearance of the lungs and the 
atmospheric respiration connected there¬ 
with, which we first meet in the Dipneusts, 
is the next important step in vascular 
evolution. In the Oipneusts the auricle 
of the heart is divided by an inoomplete 
partition into two halves. Only the right 
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auricle novi^recelves the venous blood from 
the veins of the body. Tlic loft auricle 
receives the arterial blood from the pul¬ 
monary veins. The two auricles have a 
common opening into the simple ventricle, 



Fig. 371. Fig. ^72 

Fig. 37t.—Heart of a rabbit-embryo, from be¬ 
hind, a. vitelline \ein», junclcs of the lic.arl, r ntriiiin. 
d ventricle, e artcri.il bulb,/base ol the three pairs of 
arterial arches. (From Bischoff.) 

Fig. 372.—Heart of the same embryo (Fip. 371), 

from the front, v vitelline leins, u auricle, ca .'uiriciil.ir 
canal, / left ventricle, /•right ventricle,/a .-irlenal bulb. 
(From Biic/wff.) 

where the two kinds of blood mix, and 
are driven through the arterial cone or 
bulb into the arterial arches. From (he 
last arterial arches the pulmonary arteries 
arise (Fig. 365 /»). These force a part of 
the mixed blood into the lungs, the other 
part of it going through the aorta into 
the body. 

From the Dipneusts upwards we now 
trace a progressive development of the 
vascular system, which ends finally with 
the loss of branchial respiration and a 
complete .separation of the two halves of 
the circulation. In the Amphibia the 
partition between the two auricles is com¬ 
plete. In their earlier stages, as tadpoles 
(Fig. 262), they have still the branchial 
respiration and the circulation of the 
fishes, and their heart contains venous 
blood alone. Afterwards the lungs and, 
pulmonary ve.s.scls are developed, and 
neiiceforth the ventricle of the heart con¬ 
tains mixed' blood. In the reptiles the 
ventricle and its arterial cone begin to 
divide into two halves by a longitudinal 
partition, and this partition becomes com¬ 
plete in the higher reptiles and birds on 
the one hand, and the stem-forms of the 
mammals on the other. Henceforth, the 
right half of the heart contains only 
venous, and the left half only arterial, 
blood,^ as we find in all birds and mam¬ 
mals. The right auricle receives its car¬ 
bonised or venous blood from the veins of 
the body, and the right ventricle drives it 


through the pulmonary arteries into the' 
lungs. From here the blood returns, as 
oxydised or arterial blood, through (he _ 
pulmonary veins to the left auricle, and is' 
forced Iwthe left ventricle into the arteries 
of the body. Between the pulmonary 
arteries and veins is the capillary system 
of the small or pulmonary circulation. 
Between the body-arteries and veins is 
the capillary system of the large or body- 
circulation. It is only in (he two highest 
classes of Vertebrates---the birds and 
mammals—that we find a complete divi¬ 
sion of the circulations. Moreover, this 
complete .separ.-ition has been developed 
quite independently in (he two classes, as 
the dissimilar formation of the aortas 
shows of it.self. In the birds the rijir/u 
half of the fourth arterial arch has become 
the permanent arch (Fig. 3h5). In the 
mammals this has been developed from 
the /<•/? half of the same fourth arch (Fig. 

3()t)). 

If wc compare the fully-developed 
arterial system of the ^arious classes of 
Craniotes, it shows a good deal of variety, 
vet it always pioceeds from the same 
fundamental type. Us development is 



Fig. 373. Fig. 374. 

Fig. 373.— Heart and head of a dogr-embryo, 
from the front, a fore bruin, h eyes, t middle brain, 
//primitive lower jaw, e primitive upper jaw, ysfill- 
arches, ^ rijfhl auricle, /t left auricle, / left ventricle,/fe 
right ventricle. (From Bischoff.) 

Fig. 374.— Heart of the same embryo, from • 
behind, a inosculation of the vitelline veins, b left 
auricle, c right auricle, d auricle, e atiricuUar canal,/* 
left ventricle, fright ventricle, A arlerial bulb. (From 
Bischoff.) 

just the same In man as in the otber 
mammals ; in particular, the modification 
of the six pairs of arterial arches is the 
same in both (Figs. 367-370). At first 
there is only a single pair of arches, which 
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lie on the inner surface of the first pair 
of gill-arches. Kehind this there then 
develop a second and third pair of arches 
(lying on the inner side of the second and 
third gill-arches, Kig, ^^(>7). Finally, we 



Pia. 375. Fir.. 377. 


Pic. 3,7s-— Heart of a human embryo, lour wcl•k^ 

old; /. front view, back view, opened, and upper 
half of the atrium removed, a! left auricle, a" rit'lit 
auricle, r>‘ left ventricle, v" rijrh* ventricle, ao arterial 
bulb, c superior ven.a tava (tri^lit, r.v left), s rudiment 
of the interventricular wall. (From Knlliker.) 

Fjo. 376.— Heart of a human embryo, six weeks 

old, front view, r rifjlit ventricle, / lelt ventricle, .v 
liirrow biM wccn ventricle, fa .irtcrial bulb, af furrou 
on ill, surface; to rii^lit and lett arc the two l.ar^^c 
auricles. (From/iV^ee.) 

Fio. 377.—Heart of a human embryo, eipht weeks 

old, back view, a' left auricle, a" rieht auricle, if left 
ventricle, if' right ventricle, rif right sujtcrior vena 
cava, ci inferior vena cava. (From KSllikcr.) 

got a fourth, fifth, and sixth pair. Of 
tlie six primitive arterial arches of the 
Amniotes three soon pass away (the first, 
.second, and fifth); of the remaining three, 
the third gives the carotids, the fourtli the 
aortas, and tlie sixth (number 5 in Figs. 
354 and 368) the pulmonary arteries. 

The human heart also developes in just 
' the same way as that of the other mam¬ 
mals (Fig. 378). We have already seen 
the first rudiments of its Bnlbryolosjy, 
which in the main corresponds to its 
phylogeny (Figs. 201, 202). We saw that 
the palingenclio form of tlie heart is a 
spindle-.shaped thickening of the gut-fibre 
layer in the ventral wall of the head-gut. 
The structure is then hollowed out, forms 
a simple tube, detaches from its place of 
origin, and henceforth lies freely in the 
cardiac cavity. Presently the lube bends 
into the shape of an S, and turns spli^lly 
' oh ah imaginary axis in such a way Uiat 


the hind part comes to lie on the dorsal 
surface of the fore part. The united 
vitelline veins open into the posterior end. 
From the anterior end spring the aortic 
arches. 

This first structure of the human heart, 
enclosing a very simple cavity, corre¬ 
sponds to the tunicafe-heart, and is a 
reproduction of that of the Prochordonia, 
but il now divides into two, and subse¬ 
quently into three, compartments; this 
reminds us for a time of the heart of the 
Cj clostomes and fishes. The spiral turn¬ 
ing and bending of the heart increases, 
and at the same time'two transverse con¬ 
strictions appear, dividing it externally 
into three .sections (Figs. 371, 372). The 
foremost section, which is turned towards 
the ventral side, and from which the 
;iorlic arches rise, reproduces the arterial 
hulb of the Selachii. The middle section 
is a simple ventricle, and the hindmo.st, 
the section turned towards the dorsal .side, 
into which (he vitelline veins inosculate, 
is a simple auricle (or atrium). The latter 
forms, like the simple atrium of the fish- 
heart, a nair of lateral dilatations, the 



Fig. ^8.—Heart of the adult man, fully developed, 
front view, natural position, a right auricle (under¬ 
neath it the right ventricle), i left auricle (under it the 
left ventricle), C superior vena cava, f'pulmonary veins, 
P pulmonary artery, d Botalli's duct, A aorta. (From 
Mryrr.) 

auricles (Fig, 371 b ); and the constriction 
between the atrium and ventricle is called 
the auricular canal (Fig. ^72 ca). .The 
heart of the human embryo is now a Con(i« 
pletc fish-lieurt. 
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In perfect harmony with its phylogeny, 
the embryonic development of the human 
heart shows a gradual transition from the 
fish-heart, through the amphibian and 
reptile, to the mammal form. The most 
important point in the transition is the 
formation of a longitudinal partition — 
incomplete at first, but afterwards com¬ 
plete—which separates all three divisions 
of the heart into right (venous) and left 
(arterial) halves (cf. Figs. 373-37S). The 
atrium is separated into Ji right and left 
half, each of which absorbs the corre¬ 
sponding auricle ; into the right auricle 
open the body-veins (upper and lower 
vena cava, Figs. 375 c, 377 c ); the left 
auricle receives the pulmonary veins. In 
the same way a superficial interventricular 


The heart of all the Vertebrates belongs 
originally to the hyposoma of the head, 
and we accordingly find it in the embryo 
of man and all the other Amniotes right 
in front on the under-side of the head ; 
just as in the fishes it remains perma¬ 
nently in front of the gullet. It afterwards 
descends'into the trunk, with the advance 
in the development of the neck and 
breast, and iit last reaches the breast, 
between the two lungs. At first it lies 
symmetrically in the middle plane of 
the body, so that its long axis corresponds 
with that of the body. In most of the 
mammals it remains permanently in this 
position. But in the apes the axis begins 
to be oblique, and the apex of the heart 
to move towards the left side. The dis- 



Fia. 379.— Transverse section of the back of the head of a chick-embryo, forty hours old. (From 

KSUiker.) m medulla oblontfal.'i, f>h pharynjjeiil c.ivity (hc-ad-(»iit), h honij plate, A'thicker part of it, from which 
the auscultory pits afterwards develop, h/> skin-fibre plate, hh eervical cavity (hcnd-ccelom or carduKoel), hah 
cardiac plate (tlie outermost mesudermic wall of the he.arl), connected by the ventral mesocardiiim ( with 
the gut-fibre layer or visceral coelom-laycr f Enl cnlodcrni, thh inner (cntcKlcrmic?) wall of the heart ; the 

two endothelial cardiac tubes are still separated by the cenogenetic septum (s) of the Amniotes, g vessels. 


furrow is soon seen in the ventricle (Fig. 
376 j). This is the external sign of the 
internal partition by which the ventricle 
is divided into two—a right venous and 
left arterial ventricle. Finally a longi¬ 
tudinal partition Is formed In the third 
section of the primitive fish-like heart, 
the arterial bulb, externally indicated by 
a longitudinal furrow (Fig. 376 qf). The 
cavity of the bulb is divided into two 
lateral halves, the pulmonary-artery bulb, 
that opens into the right ventricle, and 
the aorta-bulb, that opens into the left 
ventricle. When all the partitions are 
complete, the small (pulmonary) circula¬ 
tion is distinguished from the large (body) 
circulation; the motive centre of the 
ftirmer is the right half, and that of the 
latter die left half, of the heart. 


placement is greatest in the anthropoid 
apes—chimpanzee, gorilla, and orang— 
which resemble man in this. 

As the heart of all Vertebrates is origi¬ 
nally, in the light of phylogeny, only a 
local enlargement of the middle principal 
vein, it is in perfect accord with the 
biogenetic law that its first structure in 
the embryo is a .simple spindle-shaped 
tube in the ventral wall of the head-gut. 
A thin membrane, standing vertically in 
the middle plane, the mesocardium, 
connects the ventral wall of the head-^ut 
with the lower head-wall. As the cardiac 
tube extends and detaches from the gut- 
wall, it divides the mesocardium into an 
upper (dorsal) and lower (ventral) plate 
(usually called the mesocardium anterius 
and posterius in man, Fig. 379«%). The 
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mesocardium divides two lateral cavities, 
Remak’s “ neck-cavities ” (Fig. 379 hh). 
These cavities afterwards join and form 
the simple pericardial cavity, and are 
therefore called by Kollikcr the “ primi¬ 
tive pericardial cavities.” 

The double cervical cavity of the 
Amniotes is very interesting, both from 
the anatomical and the evolutionary 
point of view ; it corresponds to a part of 
the hyposomites of the head of the lower 
Vertebrates---that part of the ventral 
cn'lom-pouches which comes next to Van 
Wijhe’s “visceral cavities” below. Kach 
of the cavities still communicates freely 
behind with the two civlom-pouches of 



380.—Frontal section of a human embryo, 

oni^-twclfth ol an ini'li loiiif in tho mvk, m.'t^nirieil furtv 
times; “ inventeU" by Wilhelm His. Seen from ventral 
side, mb mouth-fissure, surrounded by the br.inehial 
processes, it/'butbus ot aorta, /;»«iniddlep.irtof\entricIe, 
hi left lateral part of same, /reauriele, ti diaphrag’in, 
superior vena eava, umbilical vein, 7>a vitelline space, 

liver, Ig hepatic duct. 

the trunk ; and, just .as these .afterw.ards 
coalesce into a simple body-cavity (the 
ventral mesentery dis.appe.'iring), we find 
the same thing happening in the head. 
This simple primary pericardial cavity 
has been well called by Gegenbaur the 
“ head-cieloma,” and by Hertwig the 
“ pericardial breast-cavity.” As it now 
encloses the heart, it may also be called 
cardioccel. 

The cardioctEl, or head-ccelom, is often 
disproportionately large in the Amniotes, 
the simple cardiac tube growing consider¬ 
ably and lying in several folds. This 
causes the ventral wall of the amniote 
embryo, between the head and the navel. 


to be pushed outwards *as in rupture (cf. 
Fig. 180 //). A transverse fold of the 
ventr.al wall, which receives all the vein- 
trunks that open into the heart, grows up 
from below between the pericardium and 
the stomach, and forms a transverse par¬ 
tition, which is the first "structure of the 
primary diaplir.agm (Fig. 380 d). This 
important muscular partition, which com¬ 
pletely .separates the thoracic and abdomi- 
n,al c.'ivities in the mammals alone, is still 
very imperfect Iiere ; the two cavities still 
communicate for a time by two narrow 
c.an.'ilN. These c.-inals, which belong to 
the dorsal part of the head-coelom, ^nd 
which we may call briefly pJeurnl du'eis, 
receive the two pulmonary sacs, which 
develop from the hind end of the ventral 
wall of the head-gut; they thus become 
the two pleural cavities. 

The diaphragm makes its first appear¬ 
ance in the class of the .Amphibia (in the 
salamanders) as an insignificant muscular 
transverse fold of the ventral wall, which 
rises from the fore end of the transverse 
abdominal muscle, .and grows between 
the pv'ricardium and the liver. In the 
reptiles (tortoises and crocodile.s) a later 
dorsal part is joined to this earlier ventral 
part of the rudimentary diaphr.agm, a 
pair of suhvertebral muscles rising from 
tlie vertebr.al column and being added as 
“ columns ” to the transverse partition. 
Hut it was probably in the Permian sauro- 
mamnials that the two originally separate 
parts were united, and the diaphragjn 
Ix'came .a complete partition between the 
thoracic and abdominal cavities in the 
mammals ; as it considerably enlarg^.s 
the chest-c.'ivity when It contracts, it 
becomes an important respiratory muscle. 
The ontogeny of the diaphragm in man 
and the other mammals reproduce.s this 
phylogenetic process to-day, m accordance 
with the biogenetic law ; In all the 
mammals the diaphragm is fonhed by the 
secondary conjunction of the two origi¬ 
nally separate structures, the earlier 
ventral part and the later dorsal part. 

Sometimes the blending of the tw'o 
diaphragmatic structures, and conse¬ 
quently the severance of the one pleural 
duct from the .abdominal cavity, is not 
‘ completed in man. This leads to a 
diaphragmatic rupture (hernia diaphragm 
viatica). The two cavities then remain 
in communication by an open pleural 
duct, and loops of the intestihe may 
penetrate by this “ rupture opening ” into 
the chest-cavity. This is one of those 
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fatal mis-growth« that show the great 
part that blind chance has in organic 

development. 

Thus the thoracic cavit}^ of the mammals, 
with its important contents, the heart and 


lungs, belongs originally to the head-part 
of the vertebrate body, and its inclusion in 
the trunk is secondar3\ This instructive 
and very interesting fact is entirely pn’ved 
by the concordant evidence of compar.'iti\ e 
anatomy and ontogeny. The lungs are 
outgrowths of the head-gut ; the heart 
devclopes from its Inner wall. The 
pleural sacs that enclose the lungs are 
dorsal parts of the head-ccelom, originat¬ 
ing from the pleuroducts; the pericar¬ 
dium in which the heart afterwards lies is 
also double originally, being formed from 
ventral halves of the head-ccelom, which 
only combine at a later stage. 

When the lung of the air- 
breathing Vertebrates issues 
from the head-cavity .and enters 
the trunk-cavity, it follows the 
example of the floating bladder 
of the fishes, which also origi¬ 
nates from the pharyngeal 
wall in the shape of a small 
pouch-like out-growth, hut 
soon grows so large that, in 
order to find room, it has to 
pass far behind into the trunk- 
cavity. To put it more pre¬ 
cisely, the lung of the quad¬ 
rupeds retains this hereditary 
growth-process of the fishes ; 
for the hydrostatic floating 
bladder of the latter is the air-filled organ 
from which the air-breathing organ of the 
former has been evolved. 

There is an interesting cenogenetic 
phenomenon in the formation of the heart 


of the higher V'erlebiates (hat deserves 
speci.'il notice. In i(s earliest form the 
heart is double, as recent observation has 
shown, in all llie .\niniotes, and the 
simple spindle-shaped cardiac tube, which 
we look as our starting- 
point, is only formed at a 
later stage, when the two 
lateral lubes move back¬ 
wards, touch e.'ich other, and 
at last combine in the middle, 
line. In man, as in the 
rabbit, the two embryonic 
hearts are still far apart at 
the stage when there are 
already eight primitive seg¬ 
ments (Fig. 134 A). So al.so 
the two cielom-pouches of 
the head in which they lie 
are still .separated bya broad 
•Space. It Is not until the 
permanent body of the em¬ 
bryo developes and detache.s 
from the embryonic vesicle that the sep;i- 
rate lateral structures join together, ;ind 
finally combine in the middle line. As 
the median partition between the right 
and left cardiocivl disiippears, the two 
cervic.'il cavities freely communicate (Fig. 
3S1), and form, on the ventral side of the 
.imniote head, a horseshoe-shaped arch, 
the points of which advance backwards 
into the pleuroducts or pleural cavities, 
and from there into the two peritone.al 
.s;ics of the trunk. But even after the 
conjunction of the cervical cavities (Fig. 
381) the two cardiac tubes remain sepanite 


at first; and even after they have united 
a delicate partition in the middle of the 
simple endothelial tube (Figs. 379 s, 
382 h) indicate.s the original separation. 
This cenogenetic “ primary cardiac sep- 



Fio. 381.—Transverse section of the head of a chick-embryo, 

thirty-six hours old. Underneath the niediill.ary tube the two primitive 
aortas (pa) can he seen in the head-pl.ites (s) at eaih side o( (he ehord.i 
UndernCitth the ('ullct (d)'Kc see the aorta-end of the he.ir t ( at ), hh 
ccrvic.tl cavity or head cocloin. hk top of heart, ks hcad-slieath. .ininiotic 
fold, h horny plate. (From Remak.) 



Flo. 382. -Transverse section of the cardiac region of the 
same chick-embryo (behind the preceding;). In the cervical cavity 
(hh) the heart (A^ is still connected by a mesocard (hr) with the 
•gut-fibre layer (pf). d put-^laiid layci, up provertcbral plates. Jit 
rudimentary auditory vesicle in the horny plate, hp first rise ot the 
ainniotic fold, (From Remak.) 
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turn” presently disappears, and has no 
relation to the subsequent permanent par¬ 
tition between the halves of the heart, 
which, as a heritage from the reptiles, 
has a great palingenetic importance. 

Thorough opponents of the biogenetic 
law have laid great stress on these and 
similar cenogenetic phenomena, and 
endeavoured to urge them as striking 
disproofs of the law. As in every other 
instance, careful, discriminating, com¬ 
parative-morphological examination con- . 
verts these supposed disproofs of evolution 
into strong arguments in its favour. In 
his excellent work, On the Stmefure of ^ 
the Heari. in the Amphibia (i88b), Carl , 
Rabl has shown how easily these curious ' 
cenogenetic facts can be explained by the I 
secondary adaptation of the embryonic I 


structure to the great extension of the 
food-yelk. 

The embryology of all the other {mrts 
of the vascular system also gives qs 
abundant and valuable data for the pur¬ 
poses of phylogeny. But as one needs 
a thorough knowledge of.the intricate 
structure of the whole vascular system in 
man and the other Vertebrates in order 
to follow this with profit, we cannot go 
into it further here. Moreover, many 
important features in the ontogeny of the 
vascular system are still very obscure ahd 
controverted. The characters of the et^- 
bryonic circulation of the Amniotes, which 
we have previously considered (Chapttir, 
XV.), are late acquisitions and entirel;^ 
cenogenetic. (Cf. pp. 170-171 ; Figii 
198-202.) 


Chapter XXIX. 

EVOLUTION OF THE SEXUAU ORGANS 


If we measure the importance of the 
systems of organs in the animal frame 
according to the richness and variety of 
their phenomena and the physiological 
interest that this implies, we must regard 
.IS one of the princip.al and most interest¬ 
ing systems the one which we are now 
going to examine--the system of the 
reproductive organs. Just as nutrition 
is the first and most urgent condition for 
the self-maintenance of the individual 
organism, so reproduction alone secures 
the maintenance of the species—or, rather, 
the maintenance of the long series of 
generations which the totality of the 
organic stem represents in their genea¬ 
logical connection. No individual organ¬ 
ism has 'the prerogative of immortality. 
To each is allotted only a brief span of 
personal development, an evanescent 
moment in the million-year course of the 
history of life. 

Hence, reproduction and the correlative 
phenomenon, heredity, have long been 
regarded, together with nutrition,* as the 
most important and fundamental func¬ 
tions of living things, and it has been 
a^ttempted to distinguish them from “ life¬ 
less bodies ” on this very score. As a 


matter of fact, this division is not so 
profound and thorough as it seems to be, 
and is gener.ally supposed to be. If wc 
examine c.arefully the nature of the repro¬ 
ductive process, we soon sec that it can be 
reduced to a general property that is 
found in inorganic as well as organic 
bodies — growth. Reproduction is a 
nutrition and growth of the organism 
beyond the individual limit, which raises 
a part of it into the whole. This is most 
clearly seen when we study it in the 
simplest and low^est organisrrfs, especially 
the Monera (Figs. 226-228) and the 
unicellular Amicb.-e (Fig. 17). There the* 
simple individual is a single plastid. As 
soon as it has reached a certain limit of 
size by continuous feeding and normal 
growth, it cannot pass it, but divides, by 
simple cleavage, into tw'o equal halves. 
Each of these halves then continues its 
. independent life, and grows on until it in 
turn reaches the limit of growth, and 
divides. In each of these acts of self- 
cleavage "tw'o new centres of attraction 
are formed for the particles of bodies, the 
foundations of the two new-formed indi¬ 
viduals. There is no such thing as 
immortality even in these unicellulara 
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The Individual as such is annihilated in 
the act of cleavage (cf. p. 48). 

In ntany other Protozoa reproduction 
takes place not by cleavage, but by budding 
(gemmation). In this case the growth 
that determines reproduction is not total 
(as in segmentation), but partial. Heiice 
in gemmation also w'e may oppose the 
local growth-product, that becomes a new- 
individual in the bud, as a child-organism 
to the parent-organism from which it is 
formed. The latter is older and larger 
than the former. In cleavage the two 
products are equal in age and morpho¬ 
logical value. Next to genimation we 
have, as other forms of asexual reprodui-- 
tion, the forming of embryonic buds and 
the forming of embryonic cells. But the 
latter leads us at once to sexual genera¬ 
tion, the distinctive feature of which is 
the separation of the sexes. 1 have dealt 
fully with these various types of reproduc¬ 
tion in my History of Creation (chap, viii.) 
and my Wonders of Life (chap. xi.). 

The earliest ancestors of man and the 
higher animals had no faculty of sexual 
reproduction, but multiplied solely by 
asexual means—cleavage, gemmation, or 
the formation of embryonic buds or cells, 
as many Protozoa still do. Tlie difi'eren- 
tiation of the sexes came at a later stage. 
We see this most plainly in the Protists, 
in which the union of tw'O individuals 
precedes the continuous cleavage of the 
unicellular organism (transitory conjuga¬ 
tion and permanent copulation of the 
Infusoria). Wc may say that in this case 
the growth (tlie condition of reproduction) 
is attained by the coalescence of two full- 
grown cells into a single, dispropor¬ 
tionately large individual. At the s-ame 
time, the mixture of the two plastids 
causes a rejuvenation of the plfism. At 
first the copulating cells are quite homo¬ 
geneous ; but natural selection soon 
brings about a certain contrast between 
them—larger female cells (macrospores) 
and smaller male cells (microsforcs). 
It must be a gi-eat advantage in the 
struggle for life for the new individual to 
have inherited different qualities from 
the two cellular parents. The further 
advance of this contrast between the 
■generating cells led to sexual differentia¬ 
tion. One cell became the female ovum 
{nmcrogonidion and the other the male 
sperm-cell (microgonidion). 

^ The simplest forms of sexual reproduc- 
, tidn afoofig the living Metazoa are seen 
Inr the Gastrasads (p. 233), the lower 


sponges, the common fresh-wt^r polyp 
(HydraJ, and other Ccelenteri* of the 
lowest rank. Prophysema (Fig. 234), 
Olytithus (Fig. 238), Hydra, etc., have 
very simple tubular bodies, the thin wall 
of which consists (as in the original' 
gastrula) only of the two primary germina,!' 
iajers. As soon as the body reaches’' 
.sexual maturity, a number of the cells in' 
its wall become female ova, and others* 
male .sperm-cells : the former become' 
very large, as they accumulate a coni- 
siderable quantity of j'elk-granules in 
their protoplasm (Fig. 235 c); the lalt^ 
arc very small on account of their 
repeated cleavage, and change into 
mobile cone-shaped sperinato/oa (Fig. 20). 
Both kinds of cells detach from their 
source of origin, the primary germinal 
lajers, fall either into tlie .surrounding 
water or into the cavity of tht; gut, and 
unite there by fusing together. 'I'his is 
the momentous process of fecundation, 
whicli we h.ive examined in the seventh 
Chapter (cf. Figs. 23 29). 

From the.se simplest form.s of sexual 
propagation, as w'c can observe them 
to-a.'iy in the lowest Zoophytes, the 
Gastneads, Sponges, and Polyps, we 
gather most important data. In the first 
place, w'c learn that, properly speaking, 
nothing is required for .sexual reproduc¬ 
tion e.xcept the fusion or coalescence of 
tw’t> different cells—a female ovum and 
male spcrm-cell. All other features, and 
all the very complex phenomena that 
accomp.-iny the sexual act in the higher 
animals, are of a subordinate and 
secondary character, and are later addi¬ 
tions to this simple, primary process 
of copulation and fecundation. But if w'e 
bear in mind how extremely important a 
part this relation of the two .sexes plays 
in the whole of organic nature, in the life 
of plants, of animals, and of man ; how 
the mutual attraction of the sexes, love, 
is the mainspring of the most remarkable 
procc&.se.s—in fact, one of the chief 
mechanical cause.s of the highest develop¬ 
ment of life- W'e cannot too greatly 
emphasise this tracing of love to its 
source, the attractive force of two erotic 
cells. 

Throughout the whole of living nature 
the greatest effects proceed from this very 
small cause. Consider the part that the 
flowers, thfe sexual organs of the flower¬ 
ing plants, play in nature; or the exuber¬ 
ance of wonderful phenomena that sexual 
selection produces in anunal Mfe; or the 
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/nonientous influence of love in the life of 
man. In every case the fusion of two 
cells is the sole original motive power ; in 
every case this invisible process pro¬ 
foundly affects the development of tlie | 
most varied structures. We may say, j 
indeed, that no other organic process can j 
be compared to it for a moment in com- j 
prehensiveness and intensity of action. 1 
Are not the Semitic myth of Adam and I 
live, the old Circek legend of Paris and ' 
Helena, and so many other famous (radi- j 
lions, only the poetic c.vpression of the 
vast influence that love and sexual 
selection have exercised over the course 
of history ever since the differentiation of 
the sexes ? .'Vll the other passions that 
agitate the heart of man arc far out¬ 
stripped in their joint influence by this 
sense-inflaming and mind-benumbing 
Eros. On the one hand, we look to 
love with gratitude as the source of 
the greatest artistic achievements—the 
noblest creations of poetry, plastic art, 
and music ; we see in it the chief factor 
in the moral advance of humanity, the 
foundation of family life, and therefore of 
social advance. On the other hand, vve 
dread it as the devouring A.mmc that brings 
destruction on so many, and has caused 
more misery, vice, and crime than all the 
other evils of human life put together. 
So wonderful is love and so momentous 
its influence on the life of the soul, or on 
the different functions of the medullary 
tube, that here more than anywhere else 
the “supernatural ” result seems to mock 
any attempt at natural explanation. Yet 
comparative evolution leads us clearly and 
indubitabl}' to the first source of love--the 
affinity of two different erotic cells, the 
sperm-cell and ovum.' 

The lowest Metazoa throw light on this 
very simple origin of the intricate pheno¬ 
mena of reproduction, and they also tejich 
us that the earliest ijexual form was 
hermaphrodism, and that the separation 
of the sexes (by division of labour) 
is a secondary and later phenomenon. 
Hermaphrodism pt'edoniinates in the 
most varied groups of the lower animals ; 
each sexuallj-maturo individual, each 
person, contains female and male "Sexual 
cells, and is therefore able to fertilise 
itself and reproduce. Thus we find ova 

• The sensual perception (probably_ related to smell) 
of the two copulating' sex-cells, which causes their 
mutual attraction, is a little understood, but very inte¬ 
resting, chemical function of the cell-soul (cf, p. 58 and 
Riddle of the Universe, chap, \x.% 


' and .sperm-cells in the same individual, 
j not only in the lowest Zoophytes (Gas- 
I traeads, .Sponges, and many Polyps), but 
I also in many w'orms (leeches and earth¬ 
worms), many of the snails (the common 
garden and vineyard snails), all the 
Tunicates, and many other invertebrate 
animals. All man’s earlier invertebrate 
ancestors, from the Gastraiads up to 
the Prochordonia, were hermaphrodites ; 
possibly even the earliest Acrania. We 
have an instructive proof of this in the 
remarkable circumstance that many 
genera of fishes arc still hermaphrodites, 
and that it is occasionally found in the 
higher Vertebrates of all classes (as 
atavism). We may conclude from this 
that gonochorism (separation of the sexes) 
was a l.'itei stage in our development. 
At first, male and female individuals differ 
only in the possession of one or other 
kind of gonads ; in other respects they 
were identical, as we still find in the 
.-Vmphioxus and the Cyclostomes. After¬ 
wards, acces.sory organs (ducts, etc.) are 
.issociated with the primary sexual 
glands; and much later again sexual 
selection has given rise to the secondary 
.sexual characters — those differences 
.between the sexes which do not affect the 
sexual organs themselves, but other part.s 
of the body (such as the man’s bear^or 
the woman’s breast). F 

The third important fact that we learn 
from the low'er Zoophytes relates to the 
earliest origin of the two kinds of sexual 
cells. As in the Gastrasads (the lowest 
sponges and hydroids), in which we find 
the first beginnings of sexual differentia¬ 
tion, the whole body consists merely of 
the two primary germinal layers, it follows 
that the sexual cells also must have pro¬ 
ceeded from the cells of these primary 
layers, either the inner or outer, or from 
both. This simple fact is extremely im¬ 
portant, because the first trace of the ova 
as well as the spermatozoa is found in the 
middle germinal layer or me.sodcrm in 
the higher animals, especially the Verte¬ 
brates. This arrangement is a later 
development from the preceding (in con¬ 
nection with the secondary formation of 
the mesoderm). 

If we trace the phylogeny of the sexual' 
organs in our earliest Metazoa ancestors, 
as the comparative anatomy and ontogeny 
of the lowest Coelcntena ^Cnidaria, 
PlatodariaJ exhibit )t to us, we find that 
the first step in advance is the localisation 
or concentration of tlie two kinds of sexual 
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cells scattered in the epithelium into 
definite groups. In the S,ponfTes and i 
lowest' H^dropolyps isolated cells are i 
detached from the cell-strata of the two ! 
primary germinal layers, and become free ' 
sexual cells ; but in the Cnidari.a and i 
Platodes we find these associated in ; 
groups which we call sexual glands 
(gonads). We can now for the first 
time speak of sexual organs in the mor¬ 
phological sense. The female gennina- 
tive glands, which in this simplest form 
are merely groups of homogeneous cells, 
are the ovaries (Fig. 241 c). The male 
germinative glands, which also in their 
hrsf form consist of a cluster of sperm- 
cells, are the testicles (Fig. 241 h). In 
the medusa', which descend, both onto- 
genetically and phylogenelically, from the 
more simply organised Polyps, we find 
these simple sexual glands sometimes as 


that appear at the edge of the primitive 
mouth (right and left), as a rule during / 
gastrulation or immediately aftei wards -- 
the important promcsoblasts, or '* polar 
cells of the mesoderm,” or “primitive 
cells of the middle germinal layer ”(p. 
11)4). In the real Enfcrocrela, in which 
the mesoderm appears from the first in 
the shape of a couple of ca'lom-pouches, 
these are very probably the i>riginal 
gonads (p. 194). This is seen very clearly 
in the arrow-worm (Sagitfa). In the 
g.'istrul.i of .Sagitta (h'ig. . 1 ) we find 
at an early stage a, couple of entodermic 
cells of an unusual si/e (g) at the base 
of the primitive gut (ud). These primi¬ 
tive sexual colls (progonidia) are sym¬ 
metrically placed tq the right and lefl of 
the middle plane, like the two promoso- 
blasts of the bilateral g.istrula of the 
Amphioxus (Fig. 3S p, p. (>t>). A little 



Fig. 383.— Embryos of Sagitta, in three earlier stag^es of development. (From Ilertwif'.') A g.n).tnil.T._ 
coeloinula with open primitive mouth, C the same with primitive mouth closed, na primitive gut, fi/ primitive 
mouth, g- progoiiidia (hermaphroditic primitive sexual cells), rs ccclom-pouches, parietal layer, visceral 
layer of same, d permanent gut (enteron), st mouth-pit (‘,tomoda;um). 


gastric pouches, sometimes as outgrowths 
of the radial can.ils that proceed frofti the 
stomach. Particularly interesting in con¬ 
nection with the question of the first 
origin of the gonads are the lowest forms 
of the Platodes, the Cryptoccela that have 
of late been separated as a special class 
(Platodatia) from the Turbellaria proper 
(Fig. 239). In these very primitive 
Platodes the two pairs of sexual glands 
are merely two pairs of rows of differen¬ 
tiated cells in the entodermic wall of the 
primitive gut—two median ovaries (o) 
within, and two lateral spermaries (s) 
"^without. The mature sexual cells are 
mected by the posterior outlets; theyfemale 
(f) lies in front of the male (m). 

In the great majority of the Bilateria 
or Ccelomaria it is the mesoderm from 
which- the gonads develop. Probably the 
. fir^ traces of them are the,two large cells 
' VOL. II. 


outwards from them the two ctvlom 
pouches (li, cs) are developed out of the 
primitive gut, and each progonidion 
divides into a male and a fem.ilc sexual 
cell (B, g). The two male cells (at first 
rather the larger) lie close together within, 
and are the parent-cells of tlic testicles 
fprospermaria), The two female cells 
lie outw-ards from these, iind are the 
parent-cells of the ovary (protovaria). 
Afterwards, when the ca'Iom-pviuches 
have detached from the permanent gut 
(C, d) and the primitive mouth (A, bl) 
is closed, the female cells advance towards 
the mouth ( C, st), and the male towards 
the rear. The foremost pair of ovaries 
are then separated by a transverse parti¬ 
tion from the hind pair. Thus the first 
structures of the sexual glands of the 
Sagitta are a couple of hermaphroditic 
^todermic .cells; each of these divides 
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into a male and a female cell ; and these 
four cells are the parent-cells of the four 
sexual glands. Probably the two pro- 
mesoblasts of the Amphioxus-^fastrula 
(Kiff. 38) are also hermaphroditic primi- 
ti\e sexual cells in the same sense, 
inherited by this earliest ver'ebrate from 
its ancient bilateral gastnead ancestors. 



Fig. .184.—.-t Part of the kidneys of Bdello- 
Stoma. « prnrcn.tl duct /> sc(»-nicntal 

or pnmilivi* urinnry caii.iN (pronef»hrtdutc renal or 
Malpip-hian capsules, /i Portion of same, hi^hl> 
maj^nilieU. r renal capsules with the ^/o/f/rru/tis^ d 
afferent arter5% r efteront arterj. From Johannes 
A 1 tiller (Myxinoides). 

The sexuall^-mature Amphioxus is not 
hermaphroditic, as its nearest invertebrate 
relatives, the Tunicates, are, and as the 
long-extinct pre-Silurian Primitive Verte¬ 
brate {Prospondvlus, Figs. 98-102) prob- 
abl}' was. The actual lancelet has gono- 
choristic structures of a very interesting 
kind. As we saw in the anatomy of the 
Amphioxus, we find the ovaries of the 
female and the spermaries of the male in 
the shape of twenty to thirty pairs of 
ellintJcal or roundish four-cornered sacs. 


which lie on either side of tlie gut on fl» 
parietal surface of the respiratory pore 
(Fig. 219 According to the iniportant 
discovery t)f RucUeri (1888), the sexual 
glands of the earliest fishes, the SelachH', 
are similarly arranged. They only‘unite 
afterwards to form a pair of simple gonads. 
These have been tranmniltcd by heredity 
to all the rest of the Craniotes. In every 
case they lie originally t>n e.Hch side of the 
mesentery, underneath the chorda, at the 
bottom t)f the body-ca\ity. The first 
tr.ices of them are found in the ccelom- 
epilhelium, at the spot where the skin- 
libre layer .and gut-fibre layer meet in the 
middle of the mesenteric pl.ate (Ivg.* 93 
/;//). .At this point we observe at an 
e.arly stage in all craniote embrjTis a 
small string-like cluster of cells, wliidi 
we ma\ tall, with Waldeyer, the “germ 
epithelium.’’ or (in harmony with the 
other plate-shaped rudimentary organs)' 
the sexual pin ft’ (Fig. 173 ^), Thisf 
germin.il tw sexual plate is founa in the 
fifth week in the human embryo, in the 
shape of a couple of long whitish streaks, 
on the inner side of the primitive kidneys 
(Figs. 183 /). The cell.s of this sexual 
plate .ire distingaiished by their cylin¬ 
drical form and chemical composition 
from the rest of the ctelom-cells ; they 
li.'ue a dilTerenl purport from the flat cells 
which line the rest of the body-cavily. As 
the germ epithelium of the sexual plate 
becomes thicker, and supporting tissue 
grows into it from the mesoderm, it be¬ 
comes a rudimentary sexual gland. This 
venlr.'il gon.ad then developes into the 
ovary in the female Craniotes, and the 
testicles in the male. 

In tlie formation of the gonidia or 
erotic sexual cells and their conjunction 
at fecundation we have the sole essential 
features of sexu.al reproduction ; but in 
the great majority of animals we find 
other organs taking part in it. The chief 
of these secondary sexual organs .^re the 
giinoducts, which serve to convey the 
mature sexu.'il cells out of the body, and 
the copulative org.ans, which bring the 
fecundating male sperm into touch with 
the ovum-bearing female. The latter 
organs are, as a rule, only found in the 
higher animals, and are much less widely » 
distributed than the gonoducts. But 
these also are secondary formations, and 
are wanting in many animals of the lower 
groups. 

In the lower animals the mature Sj/Exual 
cells are generally ejected directly from 
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tlie body. Sometimes they pass out 
immediately through the skin (Hydra and 
many hydroids); sometimes they fall into 
the gastric cavity, and are evacuated by 
the “fncmth (gastrjeads, sponges, many 
rrlbdusa;, and corals); sometimes they 
fall into the body^cavity, and are ejected 
by a special pore (porus frcnitalis) in the 
ventral wall. The latter procedure is 
found in many of the worms, and alsi> in 
the lowest Vertebrates. Amphioxus has 
the peculiar feature that the mature sexual 
products fall first into the mantle-cavity ; 
from there they are either evacuated by 
the respiratory pore, or else (hey pass 
throu(Jh the gill-clefts into the branchial 
gut, and so out by the mouth (p. 1H5). 
U> the Cyclostomes they fall into (he 
. body-ca\’ity, and are ejected by a genital 
pore in its wall ; so also in some of the 
.fishes. From these we gather the fea- 


to convey the sexual products, and this 
had originally a totally different function 
— namely, the system of urinary organs. 
These organs have primarily the sole duty 
of removing unusable matter from the 
body in a fluid form. Their liquid excre¬ 
tory product, the urine, is either evacuated 
directly through the skin or throtigh the 
last section of the gut. It is only at a 
later stage that the tubular urinary pas¬ 
sages also convey (he sexual products 
from the body. In this way they become 
“urogenital ducts.” This remarkable 
secondary conjunction of the urinary and 
sexual organs into a common urogenital 
system is very characteristic of the 
Cinathostomes, the six higher classes of 
Vertebrates. It is wanting in the lower 
classes. In order to appreciate it fully, 
we must give a comparative glance at the 
structure of the urinary organs. 



Fig 385.—Transverse section of the embryonic shield of a chick, forty-two hours old. (From 
KoUiker ,) mr nicdull.'try tulw. ch chord.i, h horny platf (skin-sciisc layor), uug nephroduct, ut» episomitos (dorsal 
priinitivy_ scfrmcnts), hj) skin-fibro l.-jvor (p.inot.il layi-r of Ihc hyposomitos), dfj> tjut-fibre layer (visceral layer of 
nyposomites), ao aorta, jc vessels. (Cl. tr.iiis\crse section of diii.k-cnibryu, Fi(f. 15.^.) 


tures of our earlier ancestors in this 
respect. Oa the other hand, in all the 
higher and most of the lower Vertebrates 
(and most of the higher Invertebrates) 
we find in both sexes special tubular 
passages of the sexual gland, which are 
called “ gonoducts.” In the female they 
conduct the ova from the ovary, and so 
arc called “oviducts,” or “Fallopian 
tubes.” In the male they con^■ey the 
spermatozoa from the testicles, and are 
called “ spcrmaducts,” or vasa deferentia. 

The original and genetic relation of these 
two kinds of ducts is just the .siime In man 
"sas in the rest of the higher Vertebrates, 
and quite different from what we find in 
most of the Invertebrates. In the latter, 
as a rule, the gonoducts develop directly 
from the embryonic glands or from the 
outer ^kin ; but in the Vertebrates an 
independent organic system is employed 


The renal or urinary system is one of 
the oldest and most important sj'stems of 
organs in the differentiated animal body, 
as I have pointed out on several previous 
occasions (cf. Chapter XVI 1 .). We find 
it not only in the higher .stems, but al.so 
very gcnerallv distributed in the earlier 
group of the Vermalia. Here we meet it 
in the lowest worms, the Rotatoria (Ga.s- 
trotricha, Fig. 242), and in the instructive 
stem of the Platodcs. It consists of a 
pair of simple or branching canals, which 
arc lined with one layer of cells, absorb 
unusable juices from the tissue, and eject 
them by an outlet in the outer skin (Fig. 
240 nni). Not only the free-living Turbel- 
laria, but also the parasitic Suctorla, and 
even the still more degenerate tape¬ 
worms, which have lost their alimentary 
canal in consequence of their parasitic 
life, are equipped with these renal canals 
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or nephrldia. In the first embryonic 
structure they arc merely a pair ol simple 
cutaneous ^'■/ands-, or depressions in the 
ectoderm. They arc generally described 
as excretory organs in the worms, but 





Fir:. 386. -Rudimentary primitive kidneys of a 
dog-embryo. 'I'lu- hind .-nd of the i-nihr\oinV bod> 
is .swn iVom tin- xi-ntrjil suit' ;ind i'hictvJ with liu- 
visr'tT.'d 1 ay»T ii) I hi- j i-lk-sar, which is lorn .i\v;i\ and 
folded down in fiont in oidcr to sliow the ncphrodiicls 
with the primitive iirinarv canals fnj. h primitive 
vorUihrir, r spinal cord, rf cntr.incc into the pclvic-gul 
cavity. (From Hisrhoff.) 

formerly often as “ water vessels,” They 
may be. conceived as largely-developed 
tubular cutaneous glands, formed by 
invagination of llie cutaneous layer. 
According to another view, they owe their 
origin to a later rupture of tlic body-cav ity 
outwards. In most of the Vermalia each 
nephridium has an inner opening (with 
cilia) into the body-cavity and, an outer 
tine on the epidermis. 

In these lowest, unsegmented worms, 
and in the unsegmented Molluscs, there 
is only one ptiir of renal canals. They 
are more numerous in the higher Articu¬ 
lates. In the Annelids, the body of which 
is composed of a large number of joints, 
there is a pair of tlie.se pronepliridia in 
each segment (hence they are called .seg¬ 
mental canals or organs). Even here they 
are still simple tubes j on account of their 
coiled or looped form tliey are often called 


“looped canals.” In most of the Anne¬ 
lids, and many of the Vermalia, we can 
distinguish three sections in tfie nephri- 
dium—an outer muscular duct, a glan¬ 
dular middle part, and an inner part that 
opens by a ciliated funnel into the body- 
cavitv. T/iis opening i.s furnished with 
whirling cilia, and can, therefore, take 
up the juices to be e.vcreted directly from 
the body^-cavity and convey them from 
the body. But in these worms the sexual 
cells, which develop in very primitive 
form on the inner surface of the body- 
cavity, also fall into it when mature, and 
are sucked up by the funnel-shaped inner 
ciliated openings of the renal canals, and 
ejected with the urine. Thus the urine- 
forming looped canals, or pronepliridia, 
serve as oviducts in the female Annelids 
and as spermaducls in the male. 

The renal sy^stem 
of tlie Vertebrates 
is similar to, yet 
inateriallyditferent 
from, these seg¬ 
mental canals of 
the .Annelids. The 
peculiar develop¬ 
ment of It and its 
relatiotis to the 
sexual organs are 
among the most 
difl'icult problems 
in llie morphology 
of our .stem. If 
we examine briefly 
t he vertebrate renal 
system from the 
phyhigenetic point 
of view, as con¬ 
firmed by recent 
d iscoveries, we may 
distinguish three 
forms ot it; (1) 

Fore-kidneys or 
head-kidneys ^/>/v- 
nephros) : (2) prim¬ 
itive or middle kid- 
neys (mesone¬ 
phros); (3) perma¬ 
nent kidneys ( met- 
anephros). These 
three systems of 
kidneys are not 
fundamentally and 
completely distinct, as earlier students 
(such as Semper) wrongly supposed ; they 
represent three diflerent generations of one 
and the same excretory apparatus ; they 
correspohd to three phylogenetic stages, 



Fig. 387. —Primitive 
kidneys of a human 
embryo. « the, urinary 
caiiiils of the primitive 
kidneys, w Wolfhen duct. 
w' uppermost end of the 
same (Morgapni’s hyda¬ 
tid), m Idtillcrian duct, m' 
uppermost end of same 
(Fallopian hydatid), g go¬ 
nad (sexual gland). (From', 
A'oM/.) ' 



EVOLUTION OF THE SEXUAL OEGANS 


337 


and succeed each other in the stem- 
history of the- Vertebrates in such wise 
that each younger and more advanced 

g eneration developes farther behind in 
le body, and replaces the older and less 



Fig. i88.--Pljf-©rnbPyo, thrcc-fiftlis of .nn incti long:, 
mag-nifitHl six limes, seen from the vcnlfal side, n 
fore lefif, s hind U-.k-, /' ventral wall, /-sexii.il promiiuMiee, 
«> nephrodiict, « prinnlivt’ kidneys, m their inner part. 
(P'rom Oscar Schultzr.) 

advanced generation that preceded it in 
time and space. The fore kidneys, first 
accurately descrilied by Wilhelm Muller 
in 1^75 in the C3'clostome.s and Ichthyoda, 
form the sole excretory organ of Ihe 
Acrania (Amphioxus) ; they continue in 
the Cyclostomes and some of the fishes, 
but are found only in slight traces and 
for a time in the embrj'os of the six other 
classes of Vertebrates. The primitive 
kidneys are first found in the Cyclostomes, 
behind the fore kidneys ; they have been 
transmitted from the Selachii to all the 
Gnathostomes. In the Anamnia they 
act permanently as urinary glands ; in 
the Amniotes their anterior part (“ger¬ 
minal kidneys ”) changes into organs of 
tlhe sexual apparatus, while the third 
^generation developes from the end of 
their posterior part (“ urinal kidneys ”)— 
the characteristic after or permanent 
kidneys of the three higher classes of 
Verteorates. The order in which the 
:three renal systems succeed each other in 
th® embryo of man and the higher Verte¬ 
brates corresponds to their phylogenetic 


succession in the history of our stem, 
and, consequently, in the natural classi¬ 
fication of the Vertebrates. 

.As in the morphology of any other 
s\stem of organs, so in the case' of the 
urinary and .sexual organs the Amphio.xu.s 
is the rofil typical primitive Vertebrate; 
it alfords the key to the mjstcries of the 
structure of man and the higher Vertc- 
lyates. Tlic kidneys of the Amphioxu.s— 
first di.scovcred by Hoveri in i8qo—are 
typical “ fore kidneys," compo.sed of a 
double row of short segmental canals 
(Kig. 217 -r). The inner aperture of these 



Fig. 381J. _ Human embryo of tlw fifth wivk, two- 
fifths of :in inch lon^, mag:nified trn times, seen from 
the verftral side <the anterior ventral wall, /, is 
removed, the body-cavity, c, opened), d gut (cut off), 
r frontal process, g cerebrum, tn middle brain, e after 
brain, A heart, k first gill-clcft,_ I pulmonary sac, n 
primitive kidneys, r sexual r^ion, f> phallus (sexual 
prominences), s tail. (From Kollmann.) 

pronephridia opens into the mcsodermic 
body-cavity (the middle part of the 
coeloma, a ); the external aperture Into 
the ectodermic mantle or peribranchial 
cavity* (C). Their position, their 
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structure, rind their relation to tlie 
branchial vessel make it clear that these 
segmental pronephridia correspond to 
the rudimentary fore kidneys of the 
Craniotes. The mantle-cavity into which 



S 


Fig. .^qo. Fig. '?qi. Fi 

Fk.s. .101. Primitive kidneys and rudi¬ 
mentary sexual orgrans. til's .nul vu 
AiiipliiWi.i (li 0|'-1.-|| v;i-). I'in _^c|o i-.-irlii-r, |i)i l.itcr st.iiji-. 

... of _ ' , . , ... 

kidiit’). si-xii.ol ntiiii .1 (i luliiiu-iit of tistii'K' .Hill ov.ir\). 
Till . ' , mJii («i' l''i„ . dll all- 

1 'iffs 'ioi .iiul ;t)j) into llu-two SCI Olid.ir> lu-phrodiii Is 
— lilt Nl lilliTi.'in (in) and VVollh.'iii ( iiflf) diiiMs, loint-d 
tonollKT lu'liind 111 till' ni'oil.d ford (s). I linaint-iil ol 
tlif priniitiM' kidiu-js. (Froiii O'l'j^rn/’aiii-.} 

they open seems to correspond to the 
prorenal duct of the latter. 

The ne.\t higher VVrtebratcs, the Cvclo- 
slomes, yield si>me ver\ iiXeresling d.tta. 
Holh oiders of this class, the hags and 
lampreys, have still the fi>re kidneys 
inherited from the .Acrania the former 
permanently, the latter in their e.'irlier 
stages. Hehind these llie primitive kid¬ 
neys .soon develop, and in a very charac¬ 
teristic form. The remarkable structure 
of tile me.sonephros of tlie Cycloslomes, 
discovered by Johannes Muller, explains 
the intricate formation of the kidneys in 
the higher Vertebrates. VVe find in the 
hag-fishes (JideUosfomn) a long tube, the 
pro'-enal duct (ui'f>limiitn'tus. Fig. 3S4 <^7). 
This opens with its anterior end into the 
pa'loma by a ciliated aperture, and ex¬ 
ternally with its posterior end by an outlet 
in the skin. Inside it open a large 
number of small transverse canals (“ .seg¬ 
mental or primitive urinary canals,” h). 
Each of these terminates blindly in a 
ve.sicular capsule (c), and this encloses 
a coil of blood-vessel (g-?otiieri(Ius, an 
arterial network. Fig. 384 B, c). Afferent 
branches of arteries conduct arterial blood 
into the coiled branches of the glomerulus 
(d), aatj. efferent arterial branches con¬ 


duct it away from the net (cj. The 
primitiv'e renal canals (vtesonephridiaj 
are distinguished by this net-formation 
from their predecessors. 

In the Selachii also we find a longi¬ 
tudinal row of .segmental canal.s on each 
side, which open outw.ards into the 
primitive renal ducts (7/cyi>A/r7/o/;7CA', p. 149). 
The segmental canals (a pair in each 
.segment of the middle part of the body) 
open internally by a ciliated funnel into 
the body-cavity. Fi'oin the posterior 



A S 


Fig. 303. Fic:. .394. 

F11.S. 303, 304. Urinary and sexual organs of 
an Amphibian (water salamander or 'I'riton). Fig. 
.543 of .a female, 494 ot a m.ale. r primitive kidney, ov 
oi.'irv, od otiducf and c Rathke's duct,_ ^th 
di'M'topi'd from the Miilleri.in duit, k primitive 
ureter (also acting as spermiidnct [vrj in the male, 
opening below into the Wolffian duit [u']), ms mes- 
ovarium. (From Cregniiiaiir,) 

group of these organs a compact primitive 
kidney is formed, the anterior group 
taking part in the construction of the 
.sexual organs. 

In the same simple form that remains 
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throujjhout life in the M^-xinoidcs and 
partly in the Selachii we hnd tlie primi¬ 
tive kidney first developinf^ in the embryo 
of man and the higher Craniotes (Figs. 
386, 387). Of the two parts that compose 
the comb-shaped primitive kidney the 
longitudinal channel, or nephroduct, is 
always the first to appear ; afterwards 
the tr.insversc “ canals,” the excreting 
nephridia, are formed in tlie mesoderm ; 
and .after this again the Malpighian c.ip- 
siileswith their .irterial coils are associated 
with these as civlous outgrowths. The 
primitive renal duct, whiih appears first, 
is found in all craniote embryos at the 
early stage in which the dilTer- 
entiation of the medullary tube 
takes pl.ice in the ectoderm, 
the severance of the chorda 
from the visceral layer in the 
entoderm, and the first trace 
of the civlom-pouches arises 
between the limiting layeis 
(Fig. 385). The nephroduct 
() is seen on e.ich side, 
directly under the horny plate, 
in the shape of a long, thin, 
thre.ad-like string of cells. It 
presentlv hollows out and be¬ 
comes a canal, running 
straight from front to bai k, 
and clearly showing in the 
transverse section of the em¬ 
bryo its original position in 
the space between horny plate 
(h), primitive segments {un'), 
and lateral plates ( hp1 ). As 
the originally very short 
uriti.ary ciinals lengthen and 
multiply, each of the two 
primitive kidneys .assumes the 
form of a half-feathered leaf 
(Fig. 387). The lines of the leaf 
are represented by the urinary 
canals Cti), and the rib by the outlying 
nephroduct (n-). At the inner edge of 
the primitive kidneys the rudiment of the 
ventral sexual gland fg-J can now be 
seen as a body of some .size. The hinder- 
moift end of the nephroduct opens right 
behind into the last section of the rectum, 
thus making a clo.ac.a of it. However, 
this opening of the nephroducts into the 
intestine must be regarded as a secondary 
formation. Originally they open, as the 
Cyclostomes , clearly show, quite inde¬ 
pendently of the gut, in the external skin 
of the abdomen. 

^ In the Myxinoidcs the primitive kidneys 
retain this simple comb-shaped structure, 


and a part of it Is preserved in the Selachii; 
but in all the other Craniotes it is only 
found for a short time in the embryo, as 
an ontogenetic reproduction of the earlier 
phylogenetic structure. In these the 
piimilive kidney soon assumes the form 
(by the rapid growth, lengthening, in¬ 
crease, and .serpentining of the urinary 
can.ds) of a large comp.ict gland, of a 
long, oval or spindle-shaped ch.iracter, 
which passes through the gre.iter p.jrt of 
the embryonic body-cavit) (Figs. 183 /«, 
184 ;//, 388 n). It lies ne.ir ihe middle 
line, directly under the primitive vei tebral 
column, ,ind reaches from the t.irdiac 


region to the cloac.a. The right .and left 
kidneys are p.arallel to each other, quite 
close together, .and only .sep.arated by the 
mesentery—the thin n.arrow layer that 
attaches the middle gut to the under 
surface of the vertebral rolumn. The 
passage of each primitive kidney, the 
nephroduct, runs towards the back on 
the lower and outer side of the gland, 
and opens in the .cloac.a, close to the 
starting-point of the allantois ; it after¬ 
wards opens into the allantois itself. 

The primitive or primordial kidneys of 
the amniote embryo were formerly called 
the “Wolffian bodies,” and sometimes 
“ Oken’s bodies.” They act for a time as 



Fh,. 305. pplmitlve_ kidneys and grerminal elands of a 
human embryo, diri'c intln's m li-Hf^tlulwijiiininj. i>l tlu-si.'jlh W(M;k). 

time-... k Lrltaiid, ti primitivi- kidiu’y, z 

diaphr.'i(riii.'itic ll^anu'rit of s.iini‘, to Wolffian duct (opened on the 
r'lfld), jf directing lip;^anietit ((fubemaculum), a allantoic duct. (From 
KoUmann ) 
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kidneys, absorbinj^ unusable juices from 
the embryonic body and conductinj; tli4;rn 
to the cloaca—afterwards to the allantois. 
There the primitive urine accumulates, 
and thus the allantois acts as bladder or 
urinary sac in the embryos of man and 
the other Amniotes. It has, however, no 
ffcnetic connection with the primitive 
kidneys, hut is a pouch-like fjrowdi from 
the anterior wall of the rectum (Fij;. 
147 «). Thus it is a product t)f the visceral 
layer, whereas the primitive kidneys are 
a product of the middle layer. I’hylo- 


genetically we must suppose lliat the 
allantois originated as a pouch - like 
growth from 4he cloaca-wall in conse¬ 
quence of the expairsion caused by the 
urine accumulated In it and excreted by 
the kidneys. It is originally a blind sac 
of the rectum. The real bladder of the 
vertebrate certainly made its first appear¬ 
ance among tlie Dipneusts (in Lepido- 
siren), and has been transmitted from 
them to the Amphibia, and from these to 
the Amniotes. In the embryo of the latter 
it protrudes far out of the not yet closed 


ventral wall. It is true that many of the 
fishes also have a “ bladder.” But this is 
merely a local enlargement of the lower 
sect ion of the nephroducts, and so totally 
dilferent in origin and composition from 
(he real bladder. The two structures can 
he comptired from the physiological point 
of view, and so arc nnaloj^^ous, as they 
have the same function ; but not from 
the morphological point of view, and are 
therefoie not hoMo/oj^ons. The false 
bladder of the fishes is a mesodermic 
product of the nephroducts; the true 
bladder of tlic Di¬ 
pneusts, Amphibia, 
and Amniotes is an 
entodermic blind sac 
of the rectum. 

In all the Anamnia 
(the lower amnionless 
Craniotes, Cyclosto- 
nies, Fishes, Dipne¬ 
usts, and Amphibia) 
the urinary organs 
remain at a lower 
stage of development 
to this extent, that 
the primitive kidneys 
fproionephri ^act per¬ 
manently as urinary 
glands. This is only 
so as a passing phase 
of theearlycmbTyonic 
life In the three higher 
classes ofV ertebrates, 
the Amniotes. In 
these tlie permanent 
or after or secondary 
(really tertiary) kief- 
ncys (renes or vietck- 
nephri) that are dis¬ 
tinctive of these three 
classes soon make 
their appearance. 
They represent the 
third and last gene¬ 
ration of the verte¬ 
brate kidneys. The permanent kidneys 
do not arise (as was long supposed) as 
independent glands from the alimentary 
tube, but from the last section of the 
primitive kidneys and the nephroduct. 
Here a simple tube, the secohuary renal 
duct, dcvelopes, near the point of its entry 
into the cloaca; and this tube grows,con¬ 
siderably forward. With its blind upper 
or anterior end is connected a glandular 
renal growth, that owes its origin to A 
differentiation of the last part of the 
primitive kidneys. This rudiment of the 



Fig. yfj . Fig. ytfi . Fig. jqS. 

Figs. jqS .^qS. -Urinary and sexual organs of ox-embrVos. Klff. 3y6, 
feinaic embryo one and a halt inches lon^r; Fitr. 397« male embryo* one and a 
half inchc,*. lon>^; Fi^f. femalocnibryolwoanda naif incheslonp. w primitKe 
kidney, wy;'- Wtjflian duct, m MiUlenan duct, wt'upper end of same (opened at /), 
t lower and thicker part t>f s.Tine (rudiment of uterus), ^ cord, & testicle 

(/r' lower and A" upper Icslicular ligament), « ovary, o’ lower ovarian lig'ament, t 
in^uin.Tl lig’ament of primitive kidney, if diaphragmatic Jignitnmt ot primiti^'e 
kiune>’. ftn accessory kidneys, n permanent kidne>s. under them the S-shaped 
ureters, between these the rectum, v bladder, a umbilical artery, (From KolUker,') 
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permanent kidneys consists of roiled I 
urinary-canals with Malpighian capsules 
and vascular coils (without ciliated 
funnels), of the same structure as the 
segmental mesonephridia of the primitive 
kidneys. The further growth of these 
metanephridia gives rise to the compact 
permanent kidneys, which have the 
familiar bean-shape in man and most of 
the higher mammals, but consist of a 
number of separate folds in the lower 
m<ammals, birds, and reptiles. .\s the 
permanent kidneys grow rapidly .and 
atfvance forward, tlieir passage, the 
ureter, detaches altogether from its birth¬ 
place, the posterior end of the nephro- 
duct; it passes to the posterior surface of 
the allantois. At first in the oldest 
Amniotes this ureter opens into thecloacfi 
together with the last section of the neph- 
roduct, but afterw.trds separately frinn 
this, and finally into the permanent 
bladder apart from the rectum altogether. 
The bladder originates from the hindmost 
and lowest part of the allantoic pedicle 
(urachusJ, which enlarges in spindle 
shape before the entry into the cloaca. 
The anterior or upper p.'irt of the pedicle, 
which runs to the navel in the ventral 
wall of the embryo, .atrophies subse¬ 
quently, and only a useless string-like 
relic of it is left as .a rudimentary organ ; 
that is the single vesico-umbilical liga¬ 
ment. To the right and left of it in the 
adult man are a couple of other rudi¬ 
mentary organs, the lateral vesico¬ 
umbilical ligaments. These are the de¬ 
generate string-like relics of the earlier 
umbilical arteries. 

Though in man and all the other 
Amniotes the primitive kidneys arc thus 
early replaced by the permanent kidneys, 
and these alone then act as urinary organs, 
all the parts of the former are by no means 
lost. The nephroducts become very im¬ 
portant physiologically by being con¬ 
verted into the passages of the sexual 
glands. In all the Gnathostomes—or all 
the Vertebrates from the fishes up to man 
—a second similar canal dcvclopes beside 
the nephroduct at an early stage of em¬ 
bryonic -evolution. The latter is usually 
called the Mullerian duct, after its dis¬ 
coverer, Johannes Muller, w-hile the 
former is called the Wolffian duct. The 
origin of the Mullerian duct is still 
obscure ; comparative anatomy and onto¬ 
geny seem to indicate that it originates 
' by differentiation from the Wolffian duct. 
Perhaps it would' be best to say: “ The 


original primary nephroduct divides by 
differentiation (or longitudinal cleavage) 
into two secondary nephroducts, the 
Wolffian and the Mullerian ducts.” The 
latter (Fig. 387 w) lies just on the inner 
side of the former (Fig. 387 a>). Both 
open behind into the cloaca. 

However uncerl.ain the origin of the 
nephroduct .and its two pmducls, the 
Mulleri:m and the Wolffian ducts, may 
be, its later development is clear enough. 
In all the Gn.'ithostomes the Wolffian 
duct is converted Into the spermadiict, 
and the Mullerian duct into the oviduct. 
Only one of them is ret.ained in each sex ; 
the other either disappears altogether, 
or only leaves relics in the shape of 
riidiment.iry organs. In the male sex. 



Fk.. Female sexual organs of a Mono- 

tPeme ( (Jffta/iofAvnrAtix, o ov.-ines, / ovi¬ 

ducts, u womb, sug uro)'ciiit.'Ll sinus ; at «' is the outlet 
of the two wombs, and between them the bladder f 
r/cloac.-!. (From O'f'g-enSaur.) 

in which the two Wolffian ducts become 
the spermaducts, we often find traces of 
the Mullerian ducts, which I have called 
“ Rathke’s canals” (Fig. 394 c). In the 
fem.'ile sex, in which the two Mullerian 
ducts form the oviducts, there arc relies 
of the Wolffian ducts, w’hich are called 
“ the ducts of Gaertner,” 

W'e obtain the most interesting in¬ 
formation with regard to this remarkable 
evolution of the nephroducts and theiu 
association with the sexual glands from 
the Amphibia (Figs. 390-395). The first 
structure of the nephroduct and its differ¬ 
entiation into Mullerian and Wolffian 
ducts are Just the same in both sexes in 
the Amphibia, as in the mammal embryos 
(Figs. 392, 396). In the female AmpMbia 
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the Mullerian duct dcvolopos on either 
side into a iar/^e oviduci 
while the WoIfTiHn duel acts pennanenlly 
as ureter fuJ. Jn the mule Amphibia 
the Mullerian duel only remains as a 



400. yt 

Fir.s 400,401 -Original position of the sexual 
glands in the ventral cavity of the human 

embryo (Ihroo nionlhs old) 4i»> malt (iialur.il 

h tfslit'lft,, t'ttntliu lif^aiiieiil ol tht* 

U'slults, 7 Vi; spiTiii.itliiit, h liladdtT, uh itilirioi ven.i 
cava, tin ;uti*ss,trv kitlni'ys, kidiicv''. I'ig* 4*0 
icin.ilc, hlii'litly m.i^pidiod. 1 round m,denial lip:,uncii( 
(iindcrncalii il Iht liUiddt r, tiver it the os.iries), >■ 
kidneys, s aecessor\ Kidiieis, r ta'inrn, o small reticle, 
om lar^fe lelule (stom-icli hetweeii tin two), / spleen 
(Kroin Kolltkrr ) 

rudimentary orj,fan without any functional 
sifjniricance, ats Rath Ice’s canal (h'ij?. 
394 c) ; the Wolffian duct serves also as 
ureter, but at the stiine titne as spenna- 
duct, the spenn-ciinals (vr ) th.it proceed 
from the testicles (/) etiterinj^ the fore 
part of the primitive kidneys and com- 
biniiif^ there with the urinary canals. 

In the inamnnils these pennanent 
amphibian features are only seen as brief 
phases of the earlier period of embryonic 
development (b'is^. 3 im)- Here the primi¬ 
tive kidneys, which act as excretory 
origans of urine throuijliout life in the 
amnion-less Vertebrates, are replaced in 
the mammals by the pennanent kidneys. 
The real primitive kidneys disappear for 
the most part at an early staj,j^c of develop¬ 
ment, and only small relics of them 
remain. In the male mammal the epidi¬ 
dymis developed from the uppermost part 
of the primitive kidney ; in the female a 
useless rudimentary orj^an, the epovarium, 
is formed from the same part. The 
atrophied relic of the former is known as 
tite paradidymis, that of the latter as the 
parovarium. 

The Mullerian ducts undergo very 
important changes in the, female mammal. 


The oviducts proper are developed only 
from their upper part; the lower part 
! dilates inlo a spindle-shaped tube with 
thick muscular wall, in which the im-' 
pregnated ovum developes into the em¬ 
bryo. This is the womb (utejus). At, 
first the two wombs (Kig. 399 u) are com-' 
pletely separate, and open into the cloaca 
on either side of the bladder ( 7w ), as is» 
still the case in the lowest living mammals;- 
the Monotreines. Hut in the Marsupials 
a communication is opened between the 
two Mullerian ducts, and in the Placentals 
they combine below with the rudimentary 
WoHhan ducts to form a single “ genital 
cord.” The original independence of Ihe 
two wombs and the vagin.al canals formed 
from their lower ends are retained in many 
of the lower Placentals, but in the higher 
they gradually blend and form a fiingle 
organ. 'I'he conjunction proceeds from 
below (or behind) upwards (or forwards). 
In many ol the Rodents (such as the 
rabbit and squirrel) two separate wombs 
still open into the simple and sinf>le 
vaginal canal ; but in others, and in the 
Carnivora, Cetaega, and Ihigulates, the 



Fio, 402.—Urogenital system of a human em¬ 
bryo of three inches in length, Joiihle _ natural sue. 
h testicles. sperm.iducts, f;h conducting ligament, 
/ processus v.’iginalis, /> bladder, au umbilical arteries, 
m inesorchiuin, d intestine, u ureter, n kidney, nn 
accessory kidney. (From Kollmann.) 

lower,halves of the w'ombs have, already 
fused into a single piece, though the 
upper halves (or “ horns ”) are still sepa¬ 
rate (“ I w'o-horned ” womb, utei us bicof nis). 
In the bats and lemurs the “ horns ” are 
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very short, and the lower common part is duct, and is found only in the ape and 
lontjer. Finally, in tlie apes and in man maiT. 

the blendinfj of the two halves is com- In (he male mammals Ihere is (he same 
plcte, and there is only the one simple, fusion of the Mullerian and Woinian 



Fig. 405 Fig. 406. 


Fn,s. 403-406. -Origin of human ova in the female ovary, Fit;. 4«?- Vertical section of the 
ovary of a new-iiom Wmalc inianl. a ovarian L-pithcliuni. h nidimontary slrint; ot ova, i ytiung ov.a in Itio 
epithelium,// lonjj strin;; of ov.i wilh foil icle-form.al ion (I’lluger's tube), r group ol young follicles, y'isolulcd 
joung follicle, g olood-vcssels in connective tissue (stroni.i) of the ovary. In the strings the young ova are 
distinguished by their cotisidi rable si/e from the surrounding tollicle-cclis. (From iVahUyer.) 

Fig. 404.— Two young Graafian follicles, i.solated. In 1 the folhcle-i'clls stDl lorm a simple, and in s a 
double, stratum round the young ovum ; in 2 they are beginning to form theov'olemina 01 tlie zona pellueidaf aJ. 

}‘'lGS. ao5 and 406.— Two older Graafian follicles. In which fluid is beginning to accumulate inside the 
eccerttrically thickened i pithclial mass of the follicle-cells (Fig 405 with little, 406 wilh niutli, follicle-watcr), W 
the young ovum, with embryonic vesicle and spot, a/ovolemma or /.onajiellucula, discus proligerus, formed 
of an accumulation of folliclc-cclls, which surround the ovum,^ follicle-luiuid (liquor /olliiuli), gathered inside 
the stratified follicle-epithelium (Je),fk coniiccfive-tissuc fibrous capsule ot the Uraafian follicle (theca JoUictUiJ, 

pear-shaped ulerinc pouch, into which ducts at their lower ends. Here again 
the oviducts open on each vide. This they form a single genital cord (Fig. 
simple uterus is a late evolutionary pro- 397,4''), and this opens similarly into the 


j 44 ^roLc/r/ojy of the sexual organs 

orig’inal urog'enllal sinus, which devclopes kidneys to the ingfuinal r^lon of the 
from the lowest section of the bhiddcr vent nil wall. 7'^.*'*’. ing'uinal liga- 

But while in the male inainrnaJ the nienl of the primitive kidneys, known in 
Wolffian ducts develop into the permanent the male jis the Hunterian ligament (Figf. 
spermaducts, there arc onl) rudimentary 400 and in the female as the “ round 
relics left of tlx? Mullerian ducts. The maternal ligament” (Fig. 401 r). In 
most notable of these is the “ male womb ” woman the ovaries travel more or less 
(uterus mascutinus), which originates towards tlie small pehis, or enter into it 
from the lowest fused part of the ducts, altogether. In the male the testicles pass 
and corresponds to the female uterus. It out of the ventral cavity, and penetrate by 
is a small, flask-shaped vesicle without the inguinal canal into a sac-shaped fold 
any physiological significance, which of the outer skin. * When the right and 
opens into the ureter between the two left folds (“.sc.\ual swellings”) join to- 
s^iermaducts and the prostate folds get her they form tlie scrotum. The 
(vcsicula prostaticaJ. various mammals bring before us the 

successive stages of this 
displacement. In the 
elephant and the whale 
tile testiclesdesccnd very 
little, and remain uhdor- 
nealh the kidneys. In 
many of the rodents and 
carnassia they enter the 
inguinal canal. In most 
of the higher mammals 
they pass through this 
into the scrotum. As a 
rule, the inguin.'il canal 
clo.ses up. When it re¬ 
mains open the testicles 
may periodically pass 
into the scrotum, and 
withdraw into the ven¬ 
tral cavity again in time 
of rut (as in many of 
the marsupials, rodents, 
bats, etc.). 

The structure of the 
e.vternal .se.vual organs, 
the coptrtative organs 
I'lr.. 407.—A ripe human Graafian follicle. « th. mature ovum,the that convey the fecun- 

surroiindin^ tollicle-celts, c the cells of the lollicle, tt the fibrous datintT SPeriTl from thc 

iiiembraiie of the follicle, e its outer surface. i . ',i r , 

male to the female or- 

, ganism in the act of 

The internal sexual organs of the m.im- i copulation, Is also peculiar to the mammals^ 
mals undergo very distinctive changes j There are no organs of this character in 
of position. At^first the^ germinal glands most of the other Vertebrates. In tliose 
of both sexes^ lie deep inside the ventral that live in water (such as the Acrania 
cavity, at the inner edge of the primitive and Cycloslomes, and most of the fishes) 
kidneys (bigs. 386 g-, 392 /'), attached to thc ova and sperm-cells are simply ejected 
the vertebral column by a short mesentery into the water, where their conjunction 
{tuesorchium in the inale, mesovaitum in and fertilisation are left to chance. But 
the female).^ But this primary arrange- in many of the fishes and amphibia, which 
ment is retained permanently only in the are viviparous, there is a direct convey- 
Monotremes (and the lower Vertebrates), ance of the male sperm into the femme 
In all other mammals (both Marsupials body ; and this is the case with all the 
and Placentals) they leave their original Amniotes (reptiles, birds, and mammals), 
cradle and travel more or less far down In these the urinaiy and sexual organs 
(or .behind), following the direction of a always ojjen originally into the last section 
ligament tliat goes from the primitive of the rectum, which thus forms a cloaca 
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(p. 249). Among the mammals this j 
arrangement is fwrmanent only in the j 
Mopotremes, which take their name j 
from it (Fig. 399 cl). In all t^e other 
mammals a frontal partition is developed 
in the cloaca (in the human embryo about 
the beginning of the third month), and 
this divides it into two cavities. The 
anterior cavity receives tlie urogenital 
canal, and is the sole outlet of the urine 
and the sexual products ; the liind or 
4nus-cavily passes the excrements only. 

Even before this partition has been 
formed in the Marsupials and Placentals, 
we see the first trace of the 
external sexual organs. 

Fjrstaconical protuberance 
rises at the anterior border 
of the cloaca-outlet -the 
sexual prominence (phal¬ 
lus, Fig. 402 A, c, B, f). 

At the tip it is swollen in 
the shape of a club 
(“ acorn ” fflans). On its 
under side there is a 
furrow, the sexual groove 
(sulcus genitalis, f), and 
on each side of this a fold 
of skin, the “ sexual pad ” 

! (torus genitalis, hi). The 
sexual protuberance or 
phallus is the chief organ 
of the sexual sense (p. 

282) ; the sexual nerves 
spread on it,, and these are 
the principal organs of the 
specific sexual sensation. 

As erectile bodies ( corpora 
cavernosa ) are developed 
in the male phallus by 
peculiar modifications of 
theblood-ve.ssels,it becomes 
capable of erecting periodi¬ 
cally on a strong accession 
of blood, becoming stiff, so 
as to penetrate into the female vagina and 
thus effect copulation. In the male tlie 
phallus becomes the penis ; in the female 
It becomes, the much smaller clitoris ; 
this is only found to be very large in 
certain apes (A teles ). A prepuce (“fore, 
skin ’’) is developed in both sexes as a 
protecting fold on the anterior surface of 
the phallus. 

Tne external sexual member (phallus) 
is found at various stages of development 
within the mammal class, both in regard 
to size and shape, and the differentiation 
and structure of its various parts; this 
applies especially to the terminal part of 


the phallus, the glivns, both the larger 
glanspenis of the male and the smaller 
glaus clitoridis x.'ti \\\ii female. The part 
ot the cloaca from the upper wall of 
which it forms belongs to the proctodmtm, 
the ectodermic invagination of the rectum 
(P- 3* 0 > hence its epithelial cowring can 
develop the same horny growths as the 
coi iieous layer of the epidermis. Thus 
the glans, which is quite smooth in m;m 
and the higher apes, is covered with 
spines in many of the lower apes and in 
the cat, and in many of the rodents with 
hairs (marmot) or scales (guinea-pig) or 


solid horny warts (beaver). Many of the 
Ungulates have a free conical projection 
on the glans, and in many of the 
Ruminants this “ phallus-tentacle” grows 
into a long cone, bent hook-wise at the 
base (as in the goat, antelope, gazelle, 
etc.). The different forms of the phallus 
are connected with variations in the 
structure and distribution of the sensory 
corpuscles— i.e., the real organs of the 
sexual .scn.se, which develop in certain 
papillae of the corium of the phallu.s, and 
have been evolved frbm ordinary tactile 
corpuscles of the corium by erotic adapta¬ 
tion (p. 282). 



Fig. 408.—The human ovum after i.ssuini;' from the Ur.'iatian follicle, 
surrounded hy the cling-intj cells of the discus f>roltgerusl\x\ two radiating' 
crowns), a ovolemma (/ona iiellucida, with i.'idl.il porous canals), p cyto- 
homa (protoplasm of the ci 11-body, darker willun, lighter without), k 
nucleus of the ovum (embryonic vesitle). (From Nagel, magnifted 250 
times.) (Cf. Figs. 1 and 14, pp. 36 and 46.) 
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The formation of the corpora cai'ernosa, 
which cause the stiffness of the phallus 
and its capability of penetrating the 
vagina, by certain special structures of 
their spongy vascular spaces, also shows 
a good deal ofvaricfv within the verte¬ 
brate stem. This stilUhess is increased in 
many order*, or mammals (especially the 
carnassia and rodentsj by the ossification 
of a part of the fibrous bod} (lorpiis 
Jibrosuni ). This penis-bone ( os priapi) 
is very large in the badger and dog, and 
bent like a hook in the marten ; it is also 
very large in some of the lower apes, and 
protrudes far out into the glans. It is 
wanting in most of the anthropoid apes ; 
it seems to have been lost in their case 
(and in man) by atrophy. 

The sexual groove on the under side of 
the phallus receives in the male the 
mouth of the urogenital canal, and is 
changed into a continuation of this, 
becoming a closed canal by the juncture 
of its p.'irallel edges, the male urethra. 
In the female this only takes place in a 
lew cases (some of the lemurs, rodents, 
and moles) ; as a rule, the groove 
rumnins open, and the borders of this 
“ vestibule of the vagina ” develop into the 
smaller labia ( nymphu' ). The large 
labia of the female develop from the 
.se.xual pads (tori y^enitah's), the two 
parallel folds of the skin that arc found 
on each side of the genital groove. They 
join together in the male, and form the 
closed scrotum. These striking differ¬ 
ences between the two sexes cannot yet 
be detected in the human embryo of the 
ninth week. We begin to trace them in 
the tenth week of development, and they 
are accentuated in proportion as the 
difference of the sexes dcvelopes. 

Sometimes the normal juncture of the 
two sexual pads in the male fails to take 
place, and the sexual groove may also 
remain open (hypospadia). In these 
cases the external male genitals re- 
.semble the female, and they are often 
wrongly regarded as cases of hermaphro- 
dism. Other malformations of various 
kinds are not infrequently found in the 
human external sexual organs, and 
some of them have a great morphological 
interest. The reverse of hypospadia, in 
which the penis is split open below, is 
seen in epispadia, in which the urethra is 
open above. In this case the urogenital 
canal opens above at the dorsal root of 
the penis; in the former case down below. 
These and similar obstructions interfere 


with a man’s generative power, ^and thus 
prejudicially affect his whole'^ develop, 
ment. They clearly prove that our 
history is not guided by a “ kind Provi¬ 
dence, ” but left to the play of blind chance. 

We must carefully distinguish the rarer 
cases of real hermaphrodism from the 
preceding. This is only found when the 
essential cu'gans of reproduction, the 
genital glands of both kinds, are united 
in one individual. In these cases either 
an ovary is developed on the right and a 
testicle on the left (or 7'ice versa) ; or else 
there are testicles and ovaries on both 
sides, some more and others less 
developed. As hermaphrodism was pro¬ 
bably the original aiTangement in all the 
Vertebnites, and the division of the sexes 
only followed by later differentiation ofthis, 
these curious cases offer no theoretical 
difficulty. Hut they are rarely found in 
man and the higher m.immals. On the 
oUier h.'ind, w'econstantly find the original 
hermaphrodism in some of the lower 
Vertebrates, such as the Myxinoidcs, 
many fishes of the perch-type ( serranus), 
and some of the Amphibia (ringed snake, 
load). In these cases the male often has 
a rudimentary ovary at the fore end of the 
testicle : .and the female sometimes has 
a rudimenlarv, inactive testicle. In the 
carp also and some other fishes this is 
found occasionally. We have already 
seen how traces of the earlier herm¬ 
aphrodism can be traced in the passages 
of the Amphibia. 

Man has faithfully preserved the main 
features of his stem-history in the onto¬ 
geny of his urinary and sexual organs. 
We can follow their development step by 
step in the human embryo in the same 
advancing gradation that is presented to 
us by the comparison of the urogenital 
organs in the Acrania, C}clostomcs, 
Fishes, Amphibia, Reptiles, and then 
(within the mammal series) in the Mono- 
tremes, Marsupi.als, and the v'arious 
Pl.acentals. All the peculiarities of uro¬ 
genital structure that distinguish the 
mammals from the rest of the Vertebrates 
arc found in man ; and in all special 
structural features he resembles the apes, 
particularly the anthropoid apes. In 
proof of the fact that the special features 
of the mammals have been inherited by 
man, I will, in conclusion, point out the 
identical way in which the ov'a are formed 
in the ovar}. In all the mammals the 
mature ova are contained in special cap¬ 
sules, which are knowm as the Graafian 
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follicles, after their discoverer, Rofi^er de ’ 
Graaf (1677). They were formerly sup- ' 
posed to be the ova themselves ; but Baer 
discovered the ova within the follicles 
(p, 16). Each follicle (Fig. 407) consists 
I of a round fibrous capsule (d), which 
contains fluid and is lined with several 
strata of cells (c). 7 'he lav'er is thickened 
like a knob at one point (b); this ovum- | 
> capsule encloses the ovum proper (a). J 
The mammal ovary is originally a very ; 
Viniple oval body (Fig. 3S7 formed j 
^nlyof connective tissue and blood-vessels, 
mvered with a layer of cells, the ovarian ; 
epithelium or the female germ epilhelium. ' 
From this germ epithelium strings of, 
cdls grow out into the connective tissue 
01 “stroma” of the ovary (h"ig. 403 b). 
Some of the cells of these strings (or ! 
Pfliiger’s tubes) grow larger and become 
ova (primitive ova, c); but the great , 
majcirity remain smiill, and form a pro- 
tectlve and nutritive stratum of cells 
reund each ovum--the “follicle-epithe¬ 
lium ” {c). 

The follicle-epithelium of the mammal 
has at first one stratum (Fig. 404 /), but 
afterwards several (3). It is true that in 
all the other Vertebrates the ova are 
enclosed in a membrane, or “follicle,” 
that consists of smaller cells. But it is 
only ir, the mammals that fluid accumu¬ 
lates between the growing follicle-cells, 
and distends the follicle into a large- 
round capsule, on the inside wall of which 
the ovum lies, at one side (I'igs. 405, 40()). ' 
There again, as in the whole of his mor- , 
phology, man proves indubitably his 
descent from the mammals. 

In the lower Vertebrates the formation 
of ova in the germ-epithelium of the 
ovary continues throughout life; but in the 
higher it is restricted to the eai'lier stages, 
or even to the period of embryonic develop¬ 


ment. In man it seems to cease in the 
first year ; in the sec'ond year we find no 
new-formed ova or chains of ova (I’fluger’s 
tubes). However, the number of ova in 
the two ovaries isvery large in the young 
girl; there-are calculated to be 72 ,cxxj in 
the sc.xually-mature maiden. In the pro¬ 
duction of the ova men resemble mo.st of 
the anthropoid apes. 

Generally spealving, the natural hi.story 
of the human sexual organs is one of 
those parts of anthropology that furni.sh 
the most convincing proofs (vf the animal 
origin of the human race. Any man who 
is acquainted vv ilh the facts and impar¬ 
tially weighs them will coticlude from 
them alone that we have bc'en evolved 
from the lower V'ertebrates. The larger 
and the detailed structure, the action, and 
the embryological development of the 
sexual organs arc just the same in man 
as in the apes. This applies I'qually to 
the male and the female, the interilid and 
the external, organs. The diflerences we 
find in this respc‘cl between man and the 
inthropoid apes are much slighter than 
the differences between the various species 
of apes. But all the apes haw certainly 
a common origin, :ind have been evolved 
from a long-extinct early-Terfiary stem- 
form, vv'liich we must tiace to a branch of 
the lemurs. If we bad this unknown 
pithecoid stem-form before us, we should 
certainly pul it in the order of the true 
apes in the primate system ; but within 
this Older we cannot, for the anatomic 
and ontogenetic reason,s vve have seen, 
separate man from the group of the 
anthropoid apes. Here again, therefore, 
on the ground of the pithecometra-prin- 
ciple, comparative anatomy and ontogeny 
teach with full confidence the descent of 
man from the ape. 
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Chapter XXX. 

RESULTS OF ANTHROPOGENY 


Now that wc have traversed the wonder¬ 
ful ref<;ion of human embryology and are 
familiar with the principal parts of it, it i 
will be well to look back on the way we , 
have come, and forward to the further . 
path to truth to which it has led us. We 
started from the simplest facts orontojjeny, j 
or the development of the individual- ■ j 
from observation.s that we can repeal and ' 
verify by micniscopic and anatomic study 
at any moment. The tirst and most 
important of these facts is that every man, i 
like every other animal, begins his exis- i 
tence fis a simple cell. This round ovum \ 
has the same characteristic form and 
origin as the ovum of.any otlier mammal. 
From it is developed in the same manner ; 
in {dl the Placenlals, b)' repeated ck'uvage, ; 
a multicellular blastula. This is converted ‘ 
into a gastrula, and this in turn into a 
blastocystis (or embryonic vesicle). The j 
two strata of cells that compose its wall 
are the primary germinal layers, the skin- 
layer (ectoderm), .and gul-l;ityer (ento¬ 
derm). This two-Iayored embryonic form 
is the ontogenetic reproduction of the 
extremely important phylogenetic stem- 
form of all the Metazoa, which wc have 
called the Gastrm:i. As the human 
embryo passes through the gastrula-form 
like that of all the other Metazoa, we can 
trace its phylogenetic origin to the 
Gastraa. 

As-we continued to follow the embry¬ 
onic development of the two-layered 
structure, wc .saw that first a third, or 
middle layer (me.soderm), appears between 
the two primary .layers ; when this divides 
into two, we have the four secondary 
germinal layers. These have just the 
same composition and genetic significance 
in man as in all the other Vertebrates, 
From the skin-sense layer arc developed 
Ihc epidermis, the central nervous system, 
and the chief part of the sen.se-organs. 
The skin-fibre layer forms the coriuni and 
the motor organs—the skeleton and the 
mu-scular system. From the gut-fibre 
layer are developed the vascular system, 
the muscular wall of the gut, and the 
sexual glands. Finally, the gut-gland 


layer only forms the epithelium, or the y 
inner cellular stratum of the mucousi' 
membrane of the alimentary canal ant^ 
gl.'inds (lungs, liver, etc.). / 

The jnanner in which these diffej'eiy'' 
systems of organs .arise from the secoi> 
dary germinal* layers is essentially tlfe 
.same from the .start in m;in as in aU tip 
other Vertebrates. We s.aw, in studying 
the embryonic development of each orgai, 
that the human embryo follows the special 
lines of dilTerentiation and construct/on 
that are only found otherwise in the Verte¬ 
brates. Within the limits of this Vast 
stem we have followed, step by step, tl(e 
development both of the body as a wh^le 
and of its various parts. This higVer 
development follows in the human mt- 
hryo the form that is peculi.ar to/the 
mammals. Fin.'dly, we saw that, /even 
within the limits of this class, the vciritvus 
phylogenetic stages that we distinguish 
in a natural class!fic.ation of the ma/nmals 
corre.spond to the ontogenetic stagUs that 
the hum.'in embryo passes througU in the 
course of its evolution. Wc werV thus in 
a position to determine precisely the 
position of mart in this class, and so to 
establish his relationship to tin? different 
orders of mammals. 

The line of argument we followed in 
this explanation of the ontogenetic facts 
was simply a consistent application of the 
biogenetic law. In this wc have through¬ 
out taken strict account of the distinction 
between pidingcnetic and cenogenetic 
phenomena. Palingenesis (or “ synoptic 
development ”) alone enables us to draw 
conclusions from the observed embryonic 
form to the stem-form preserved by 
heredity. Such inference becomes more 
or less precarious when there has been 
cenogenesis, or disturbance of develop¬ 
ment, owing to fresh 'adaptations. We 
cannot utidcrstand embryonic develop¬ 
ment unless we appreciate this very 
important distinction. Here we stand at 
the very limit that separates the older and 
the new science or philosophy of nature. 
The whole of the results of recent rnor- 
phological research C9mpel us irresistibly 
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to Docognise tfitf biogenetic law and its 
far-TWtChing cons^uences. These are, 
it is true, irreconcilable with the legends 
and doctrines of former days, that have 
been impressed on us by religious educa¬ 
tion. But without the biogenetic Imv, 
withqut the distinction between palin¬ 
genesis and cenogenesis, and without the 
theory of evolution on which we base it, it 
is quite impossible to understand the facts 
of organic development; without them 
we cannot cast the faintest gleam of 
explanation over this marvellous field of 
phenomena. But when we recognise the 
causal correlation of ontogeny and phy- 
logeny expressed in this law, the wonder¬ 
ful facts of embryology are susceptible of 
a very simple cxphination ; they arefound 
to be the necessary mechanical effects of 
the evolution of the stem, determined by 
the laws of heredity and adaptation. The 
correlative action of these laws under the 
universal influence of the struggle for 
existence, or—as we may say in a word, 
with Darwin — “ natural selection,” is 
entirely adequate to explain the whole 
process of embryology in the light of 
phylogeny. It is the chief merit of 
Darwin that he explained by his theory 
of selection the correlation of the laws of 
heredity and adaptation that Lamarck had 
recognised, and pointed out the true way 
to reach a causal interpretation of evolu- 
ti 9 n. 

The phenomenon that it is most impera¬ 
tive to recognise in this connection is the 
inheritance of functional variations. Jean 
Lamarck was the first to appreciate its 
fundamental importance in 1809, and we 
may therefore justly gh'e the name of 
Lamarckism to the theory of descent he 
based on it. Hence the radical opponents 
of the latter have very properly directed 
their attacks chiefly against the former. 
One of the most distinguished and most 
narrow-minded of these opponents, Wil¬ 
helm His, affirms very positively that 
“ characteristics acquired in the life of the 
individual are not inherited.” 

The inheritance of acquired characters 
is denied, not only by thorough opponents 
of evolution, bdt even by scientists who 
admit it and have contributed a good 
deal to its establishment, especially 
Weismann, Gallon, Ray Lankester, etc. 
Since 1884 the chief opponent'■has been 
August \^^ismann, who has rendered the 

g reatest service in the development of 
>arwin’s theory of selection. In his 
^orlc on T%e Continuity of the Germ- 


plasm, and in his recent excellent Lectures 
on the Theory of Descent (igdfe), he has 
with great success advanced tjic opinion 
that “only those characters can he trans¬ 
mitted to subsequent generations that 
w’ere contained in rudimentary foftn m . 
the embryo.” However, this germ-pl^jsm 
theory, with its attempt to explain 
heredity, is merely a “ pro\lsionaI mole¬ 
cular hypothesis”; it is one of those 
metaphysical speculations that .'fltrlbuto 
the evolution.'^ry phenomena exclusively 
to Internal causes, .and regtird the influ¬ 
ence of the environment as In.significant. 
Herbert .Spencer, Theodor Kimer, Lester 
W.ard, Hering, and Zehnderhave pointed 
out the untenable consequences of this 
position. 1 have given my view of it in 
the tenth edition of the f/istory of Creation 
(pp. 192, 203). I hold, with Lamarck and 
Darwan, that the hereditary transmission 
of acquired ch.aracters is one of the most 
important phenomena in biology, and is 
proved by thousands of morphological 
and physiological experiences. It is an 
indispensable foundation of the theory of 
evolution. 

Of the many and weighty arguments 
for the truth of this conception of evolu¬ 
tion I will for the .moment merely point 
to the invaluable evidence of dysteleolog)-, 
the .science of rudimentary organs. We 
cannot insist too often or too strongly on 
the great morphological significance of 
these remark.'ible organs, wliich are com¬ 
pletely useless from the physiological 
point of view. We find some of these 
u.seless piirts, inherited from our lower 
vertebrate ancestors, in every system of 
organs in man and the higher Vertebrates. 
Thus we find at once on the skin a scanty 
and rudimentary coat of hair, only fully 
developed onthehcad, under the shoulders, 
and at a few other parts of the body. 
The short hairs on the greater part of the 
body are quite useless .and devoid of 
physiologic.al value ; they are the last 
relic of the thicker hairy coat of our 
simian ancestors. The sensory apparatus 
pre.sents a .series of most remarkable 
rudimentary organs. We h.ave seen that 
the whole of the shell of the external ear, 
with its cartilages, muscles, and skin, is 
in man a useless appendage, and has not 
the physiological importance that was 
formerly ascribed to it. It is the degene¬ 
rate remainder of the pointed, freely 
nroving, and more advanced mammal 
ear, the muscles of which we still have, 
but cannot work them. We found at the 
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inner njorner of our eye ;i small, curious, ] 
semi-lunar fold that is tif no use whatever 
to us, and is only interesting as the last 
relk'ofthe nictiliiiinf^membrane, the third, 
inner eye-lid that liad a distinct physio¬ 
logical purpose in the ancient sharks, and 
still has in many of the Amniotes, 

'J'he motor apparatus, in both the 
skeleton and muscular systems, provides 
a number of inter^stinj^ dysteleological 
arguments. I need only recall the pro¬ 
jecting tail of the human embryo, with 
its rudimentary caudal vertebne and 
muscles ; this is totally useless in man, 
but very interesting as the degenerate 
relic of the long tail of our simian 
ancestors. I'roni these we have also 
inherited various bony processes and 
muscles, which were ver}' useful to them 
in climbing trees, but are useless to us. 
At various points of the skin we have 
cutaneous muscles which we tiever use - 
remnants c)f a strongly-developed cuta¬ 
neous muscle in our lower mammal 
ancestors. This “ panniculu'* carnosus” 
had the function of contracting and creas¬ 
ing the skin to chase away the Hies, as 
we see every day in the horse. Another 
relic in us of this large culatieous muscle 
is the frontal muscle, by which we knit 
our forehead and raise our eye-brows; 
but there is another considerable relic of 
it, the large cutaneous muscle in the neck 
(phtlysma m vonii-.s), o\'ei which we have 
no voluntary control. 

Not on^' in the .systems of animal 
organs, but .also in the vegetal apparatus, 
we find a number of rudimeiitar)' organs, 
many of which we have alreadj noticed. 
In the alimentary apparatus thVre are the 
thymu.s-gland and the thyroid gland, 
the seat of goitre and the relic of a 
ciliated groo\e that the Tunicates and 
Acrania still have in the gill-pannier; 
there is also the vermiform appendix to 
the cmcLiin. In the vascular .system we 
have a number of useless cords which 
represent relics of atrophied vessels that 
were lOnce active as blood-canals — the 
ductus Jiotalli between the pulmonary 
artery and the aorta, the ductus venosus 
.4 between the portal vein and the 

vena cava, and many others. The many 
rudimentary organs in the urinary and 
sexual apparatus arc particularly inter¬ 
esting. These are generally developed 
in one sex and rudimentary in the other. 
Thus the spcrmaducts are formed from 
the Wolflian ducts in the male, whereas 
in the female we have merely rudimentary 


traces of them in Gaertner's canals. On 
the other hand, in the female the oviducts 
and womb are developed from the 
Mullerian ducts, while in the male only 
the lowest ends of them rcm.ain as the 

m.'ile womb ” (vest'eu/a prostatica), 

Again, the male has in his nipples and 
mammary glands the rudiment.s of organs 
that are usually active only in the 
feniiile. 

A careful anatomic study of the human 
frame would disclose* to us numbers of 
other rudimentary organs, and these can 
only be explained on the theory of evolu¬ 
tion. Robert Wiederslieim has collected 
a large number of them in his work on 
'J'hc Human Frame as a Witness to its 
Past. They are some of the weightiest 
proofs of the truth of the mechanical con¬ 
ception and the strongest disproofs of the 
teleological view. If, as the latter de¬ 
mands, man or any other organism had 
been designed and fitted for his life- 
purposes from the start and brought into, 
being by a creative act, the existence of 
these rudimentary organs would be an 
insoluble enigma ; it would be impossible 
to understand why the Creates* had put 
this useless burden on his creatures to 
walk a path that is in itself by no means 
easy. J^ut the theory of evolution gives 
the simplest possible explanation of them. 
It .says ; The rudimentary organs are 
parts of the body that have fallen into 
disuse in the course of centuries ; they 
had definite functions in our animal 
ancestors, but have lost their ph) siological 
significance. On .account of fresh .adap¬ 
tations they h.ive become superfluous, 
but are transmitted from generation to 
generation by heredity, and gradually 
.atrophy. 

We h.ave Inherited not only these rudi¬ 
mentary parts, but all the organs of our 
body, from the mammals—proximately 
from the apes. The human body does 
not cont.ain a single organ that has not 
been inherited from the apes. In fact, 
wath the aid of our biogenetic law we can 
trace the origin of our various systems of 
org.ans much further, down to the lowest 
stages of our ancestry. We can say, for 
instance, that we have Inherited the oldest 
organs of the body, the external skin and 
the internal coat of the alimentary system, 
from theGastrajads; the nervous and mus¬ 
cular systems from the I'latodes ; the vas¬ 
cular system, the body-cavity, and the blood 
from the Vermalia ; the chorda and the 
branchial gut from the Prochordonia; 
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the articulation* of Ihc body fioni the 
Acrahia; the primitive skull and the 
higfher sense-orjjans from the Cyclo- 
stomcs; the limbs and jaws from the 
Selachii ; the five-loed foot from the 
Amphibia ; the palate from the Reptiles ; 
the hairy coat, tlie mammarj j^laiids, and 
the external sexual orj^ans from the Pro¬ 
mammals. When we formulated “ the 
law of the ontoijenetic connection of 
.systematically related forms," and deter¬ 
mined the relati\e jit^e of orf^ans, we saw- 
how it was possible to draw phylogenetic 
conclusions from the onlof^enetic succes¬ 
sion of s]k stems of org.ins. 

With the aid of this important law and 
of comparati\e anatomy we were also 
enabled to determine “ man’s place in 
nature,” or, as we put it, assijrn to man 
his position in the classification tvl the 
animal kinj^dom. In recent zoological 
classification the animal world is divided 
into tw-elve stems or pin la, and these 
are broadly sub-divided intt> about si\t\ 
classes, and these classes into at least ^ckj 
orders. In his whole organisation man 
is most certainly, in the first place, ;i 
member of one of these stems, the verte¬ 
brate stem ; secondly, a member of one 
particular class in this stem, the Mam¬ 
mals; and thirdly, of one particular order, 
the order of Primates. lie has all the 
characteristics that distinguish the Verte¬ 
brates from the other eleven animal stems, 
the Mammals from the other sixty classes, 
and the I’rimates from the 300 other 
orders of the animal kingdom. We may 
turn and twist as w-e like, but we cannot 
get over this fact of anatomy and classi¬ 
fication. Of late years this fact has 
gi\-en rise to a good deal of discussion, 
and especially i>f controversy as to the 
particulai anatomic relationship ()f man 
to the apes. The most curious opinions 
have been advanced on this “ ape-ques¬ 
tion,” or “ pithecoid-theory.” It is as 
well, therefore, to go into it once more 
and distinguish the essential from the 
unessential. (Cf. above, pp. 261-5.) 

We start from the undisputed fact that 
man is in any case—whether w-e accept 
or reject his special blood-relationship to 
the apes—a true mammal ; in fact, a 
placental mammal. This fundamental 
fact can be proved so easily at any 
moment from comparative anatomy that 
it has been universally admitted since the 
separation of the Placentals from the 
lower mammals (Marsupials and Mono- 
tremes). But for every consistent sub¬ 


scriber to the theory of evolution it tnust 
follow- at once that man descends from a 
common stem-form w-itli all the other 
Placentals, the stem-ancestor of the 
Plaqentals, just as we* must admit a 
lomiiion mesozoic ancestor of all the 
mammals. This is, however, to settle 
decisively the great and burning question 
of man’s place in nature, whether or no 
w-e go on to admit .-i nearer or more 
distant relationship to the apes. Whether 
man is or is not a member of the ape- 
order (or, ifyoii prefer, the primate-order) 
in the phylogenetic sense, in any case liis 
direct bloi-d-relalionship to the rest of the 
mammals, and especially the Placentals, 
is established. It is possible that the 
alVmities of the v.irious orders of mam¬ 
mals to each other are dilfeienl from 
what we h\pothelically assume lo-d.iy. 
Hut, in any case, the common descent of 
man and all the t)ther m.immals from 
one stem-form is be)otid ciuestion. This 
long-extiiu I *lhomammal was probably 
e.volved from Proreptiles during the 
Triassic period, and must certainly bo 
regarded as the monotreme and oviparous 
ancestor of/;// the mammals. 

If w-e hold firmly to this fundamental 
and most important thesis, w-e shall see 
the “ .qie-question ” in a very different 
light from thrtt in which it is usually 
regiirded. T^itlle relleclion is then needed 
to see that it is not nearly st) important as 
it is said to be. The origin of the human 
race from a series of mammal ancestors, 
and the historic evolution of therefrom an 
earlier series of lower vertebrate ancestors, 
together with all the w-eighty conclusions 
that every thoughtful man deduces there¬ 
from, rem.'iin untouched ; so far as these 
are concerned, it is immaterial w-hether 
we regard true “apes” as our nearest 
ancestors or not. Hut as it has become 
ifTe fashion to lay the chief stress in (he 
w-hole question of man’s origin i>n the, 
“descent from the apes,” 1 am compelled 
to return to it once more, and recall the 
facts of comparative anatomy and onto¬ 
geny that give a decisive answer to this 
“ ape-question.” 

The shortest way to attain our purpose 
is that followed by Huxley in 1863 in his 
able work, which 1 have already often 
quoted, Man's Place in Nature —the w-ay 
of comparative anatomy and ontogeny. 
We have to compare impartially all man’s 
organs w'ith the same organs in the 
higher apes, and then to examine if the 
dinerences between the two are greater 
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than the corresponding differences 
between the higher and the lower apes. 
Th6 indubitable and incontestable result 
of this comparative-anatomical study, 
conducted with the greatest care and 
impartiality, was the pithccometra-prin- 
ciple, which vi'e have called the Huxleian 
law in honour of its formulalor—namely, 
that the differences in organisation 
between man and the most advanced 
apes we knoware much slighter than the 
corresponding differences in organisation 
between the higher and lower apes. We 
may even give a more precise formula to 
this law, by. excluding the Platyrrhines or 
American apes as distant relatives, and 
restricting the comparison to the narrower 
family-circle of the Catarrhines, the apes 
of the Old Wc»rld, Within the limits of 
this small group of mammals we found 
the structural differences between the 
lower and higher catarrhine apes—for 
instance, the baboon and the gorilla— 
to be much greater than the differences 
between the anthropoid apes and man. 
If we now turn to ontogeny, and find, 
according to our “ law of the ontogenetic 
connection of .systematically •related 
forms,” that the embryos of the anthro¬ 
poid apes and man retain their re.sem- 
blance for a longer time than the embryos 
of the highest and the lowest apes, we 
are forced, whether we like it or no, to 
recognise our de.scent from the order of 
apes. We can assuredly construct an 
approximate picture in the imagination 
of the forrn of our early Tertiary ancestors 
from the foregoing facts of comparative 
anatomy ; however-we may frame this in 
detail, it will be the picture of a true ape, 
and a distinct catarrhine ape. This has 
been shown go well by Huxley (1863) that 
the recent attacks of Klaatsch, Virchow, 
and other anthropologists, have com¬ 
pletely failed (cf. pp. 263-264). All the 
structural character^ that distinguish the 
Catarrhine? from the Platyrrhines are 
found in man. Hence in the genealogy 
of the mammals we must derive man 
immediately from the catarrhine group, 
and locate the origin of the human race 
in the Old World. Only the early root- 
form from which both descended was 
common to them. 

It is, therefore, established beyond 
question for all impartial scientific inquiry 
that the human face comes directly from 
the apes of the Old World ; but, at the 
same time, I repeat that this is not so 
important in connection with the main 


question of the origin of man as is com¬ 
monly supposed. Even if we entirely 
ignore it, all that we have learned from 
the zoological facts of comparative 
anatomy and ontogeny as to the placental 
character of man remains untouched. 
These prove beyond all doubt the common 
descent of man and all the rest of the 
mammals. Further, the main question 
is not in the least affected if it is said : 
“ It is true that man is a mammal; but 
he has diverged at the very root of l;he 
class from all the other mammals, aiid 
h.'is no closer relationship to any living 
group of mammals.” The affinity is 
more or less close in any case, if we 
examine the relation of the mammal class 
to the sixty other classes of the animal 
world. Quito certainly the whole of the 
mammals, including man, have had a 
common origin ; and it is equally certain 
that their common stem-forms were 
gradually evolved from a long series of 
lower Vertebrates. 

The resistance to the theory of a 
descent from the apes is clearly due in 
most men to feeling rather than to reason. 
They shrink from the notion of such an 
origin just because they sec in the ape 
organism a caricature of man, a distorted 
and unattractive image of themselves ; 
bec.'iuse it hurts man’s scsthetic com¬ 
placency and self-ennoblement. It is 
more flattering to think we have des¬ 
cended from some lofty and god-like 
being; and so, from the earliest times, 
human vanity has been pleased to believe 
in our origin from gods or demi-gods. 
The Church, with that sophistic reversal 
of ideas of which it is a master, has suc¬ 
ceeded in representing this ridiculous 
piece of vanity as “ Christian humility ”; 
and the very men who reject w'ith horror 
the notion of an animal origin, and count 
themselves “ children of God,” love to 
prate of their “ humble sense of servi¬ 
tude.” In most of the sermons that have' 
poured out from pulpit and altar against 
the, doctrine of evolution human vanity 
and conceit have been a conspicuous 
element; and, although we have inherited 
this very characteristic weakness from 
the apes, we must admit that we have 
developed it to a higher degree, which is 
esnlirely repudiated by sound and normal 
intelligence. We are greatly amused at 
all the childish follies that the ridiculous 
pride of ancestry has maintained from the 
Middle Ages to our own time ; yet there 
is a large amount of this empty i^rng lit 
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most men. Just as most people much 
prefer to trace their family back to some 
degenerate baron or some famous prince 
rather than to an unknown peasant, so 
most men would rather have as parent of 
the race a sinful and fallen Adam than 
an advancing and vigorous ape. It i> a 
matter of taste, and to that extent we 
cannot quarrel over these genealogical 
tendencies. Personally, the notion of 
ascent is more congenial to me than that 
of descent., It seems to me a finer thing 
to be the advanced offspring of a simian 
ancestor, that has developed progressively 
from the lower mammals in the struggle 
for life, than the degenerate descendant 
of a god-like being, made from a citjd, 
and fallen for his sins, and an Eve 
created from one of his ribs. Speaking 
of the rib, I may add to what I have said 
about the development of the skeleton, 
that the number of ribs is just the same 
in man and woman. In both of them the 
ribs are formed from the middle germinal 
layer, and are, from the phylogenetic 
point of view, lower or ventral vertebral 
arches. 

But it is said : “ That Is all ver>' well, 
as far as the human body is concerned ; 
on the facts quoted it is impossible to 
doubt that it has really and gradually 
been evolved from the long ancestral 
series of the Vertebrates. But it is quite 
another thing as regards man’s mind, or 
soul ; this c.annot possibly h.'ive been 
developed from the vertebrate-soul.”' 
Let us see if we cannot meet this gaive 
stricture from the well-known fads of 
comparative anatomy, physiology, and 
embryology. Il will be best to begin 
with a.comparative study of the souls of 
various groups of Vertebrates. Here we 
find such .an enormous variety of verte¬ 
brate souls that, .at first sight, it seems 
quite impossible to trace them all to a 
common “ Primitive Vertebrate.” Think 
of the tiny Ampliioxus, with no real brain 
but a simple medullary tube, and its 
whole p.sychic life at theverv lowest stage 
among the Vertebnates. 'fhe following 
group of the Cyclostomes arc still very 
limited, though they have a brain. When 
we pass on to the fishes, we find their 
intelligence remaining at a very low level. 
We do not see any material advance in 
mental development until we go on to 
the Amphibia and Reptiles. There is 

* The EnffUsh reader Vill recognise here the curious 
ppsirion of Dr. Wallace and of the late Dr. Mivart,— 


still greater advance when we come to 
the Mammals, though even here the 
minds of the Monotremes* and of the 
.stupid Marsupials remain at a low stage. 
But when we rise from these to the 
PIa(.enl;ils we find within, this one vast 
group such a number of important stages 
of dilTerenliation and progress that the 
ps\clilc difi'erenccs between the least in¬ 
telligent (such as the sloths and arma¬ 
dillos) and the most intelligent Placentals 
(such :is the dogs and apes) are much 
greater than the psychic difi'erenccs 
between the lowest Pl.'icent.ils juid the 
Marsupials or Monotremes. Most cer¬ 
tainly the differences :ire far greater than 
the differences in menial power between 
the dog, the ape, and man. Yet all these 
animals arc genetically-related members 
of a single natural class. 

VVe see this to a still more astonishing 
extent in the comparative psychology of 
.another class of animals, that is especially 
interesting for m.any reasons—the in.sect 
class. It is well known that we find in 
many insects a degree of intelligence that 
is found In man alone among the Verte¬ 
brates. Everj'body knows of the famous 
communities and states of bees and ants, 
and of the very remarkable social arrange¬ 
ments in them, such as we find among 
the moie adv.'inccd race.s of men, but 
.'imong no other group of animals. 1 
need only mention the social organisation 
and government of the monarchic bees 
and the republican ants, and their divi¬ 
sion into different conditions queen, 
dione-nobles, workers, educators, soldiers, 
etc. One of the most remarkable pheno¬ 
mena in this very interesting province is 
the cattle-keeping of the ants, which rear 
plant-lice as milch-cows and regularly 
extract their honied juice. Still more 
remarkable is the slave-holding of the 
large red ants, which steal the young of 
the small black <mls and bring them up 
as slaves. It has long been known that 
these political and social arrangements of 
the ants art due to the deliberate co¬ 
operation of the countless citizens, and 
that they understand e.-icli other. A 
number of recent observers, especially 
Fritz Muller, Sir J. Lubbock (Lord Ave¬ 
bury), and August Forel., have put the 
astonishing degree of intelligence of these 
tiny Articulates beyond question. 

Now, compare with these the mental 
life of many of the lower, especially the 
parasitic, insects, as t)arwin did. There 
is, for instance, the cochineal insect 
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(Coccus)^ which, in its adult state*, has a 
motionless, shield-shaped body, attached 
to the leaves of plants. Its feet are atro¬ 
phied. Its snout is sunk in the tissue of 
the plants of which it absorbs the sap. 
The whole psychic life of these inert 
female parasites consists in the pleasure 
they experience from suckinj^ the sap of 
the plant and in sexual intercourse with 
the males. It is the same with the 
maf^fToi-like iemales of the fan-Hy (Strep- 
sifcni), which spend their ]i\es parasi- 
tically and immovably, without win.tfs or 
leet, in the abdomen of wasps. There is 
no question here of hij^her psychic action. ' 
If we compare these sluj’^ish parasites 
with the intelli},a*nt and active ants, we 
must admit that the psychic dilTerences 
between them are much greater than the 
psvcliic difl'erences between the lowest 
and hif^liest mammals, between the 
Monotremes, Marsupials, and armadillos 
on the one hand, and the doji^, ape, or 
man on the other. Vet .dl these insects 
beloiifj to the same class of .Articulates, 
just as all the mammals helonj>f to one 
jiiid the same class. .And just as every 
consistent evolutionist must admit a 
common stem-form tor all these insects, 
so he must also for all the mammals. 

If we now turn from the comparative 
study of psychic life in dilTerent animals 
to the question of the orjjfans of this func¬ 
tion, we receive the answer th.it in all the 
hifji^her anim:i1s tlieyare always bound up 
with certain groups of cells, the fjaiif^- 
lionic cells or neurona that compose tlie 
nervous system. .All scientists without 
exception are afjreed that the central 
nervous system is the orj^an of psychic 
life in the animal, and it is possible to 
prove this experimentally at any moment. 
When we partially or wholly destroy the 
central nervous system, we exling’uish in 
the same proportion, partially or wholly, 
the “soul” or psychic activity of the 
animal. We have, therefore, to examine 
the features of the ps3'chic orjjan in man. 
The reader already knows the incontest¬ 
able answer to this question. Man’s 
psychic orj;an is, in structure and origin, 
lust the same organ as in all the other 
Vertebrates. It originates in the shape 
of a simple medullary tube from the outer 
membrane of the embryo—the skin-sense 
layer. The simple cerebral vesicle that is 
formed by the expansion of the head-part 
of this medullary tube divides by trai\s- 
verse constrictions into five, anti these 
pass through more or less the same stages 


of construction in the human embrj’^o as 
in the rest of the mammals. As these are 
undoubtedly of a common origin, thdir 
brain and spinal cord must also have a 
common origin. 

Physiology teaches us furtherj^ on the 
ground of observation and experiment, 
that the relation of the “ soul ” to its 
organ, the brain and spinal cord, is just 
the same In man as in the other mammals. 
The one cannot act at all without the 
other; it is just as much bound up with 
it as muscular movement is with the 
muscles. 11 can onlydevelop in connection 
with it. If vve are evolutionists at all, 
and grant the causal connection of onto¬ 
genesis and phylogenesis, we are forced 
to admit this thesis: The human soul or 
psvche, as a function of the medullary 
lube, has developed along with it ; and 
just as brain and spinal cord now develop 
from the simple medullary tube in every 
human indi\idual, so the human mind or 
the psychic Tfe of the whole human race 
has been gradually evolved from the lower 
vertebrate soul. Just as to-day the Irttri- 
cate structure of the brain proceeds step 
by step from the same rudiment in every 
human Individual -the same live cerebral 
vesicles- as in all the other Craniotes; 
so the human soul has been gradually 
developed in the course of millions of 
vears from a long series of craniote-souls. 
Finally, just as to-day in every human 
embryo the various parts of the brain 
dilferentlale after the special type of the 
ape-brain, so the human psyche has pro¬ 
ceeded historically from the ape-soul. 

It is true that this Monistic conception 
is rejected with hoifor by most men, and 
the I)u;ilistic idea, which denies the in¬ 
separable connection of brain and mind, 
and regards body and soul .as two totally 
dilTerent things, is still popular. But 
how can we reconcile this view with the 
known facts of evolution ? It meets with 
dilTicuIties equally great .and insuperable 
in embryology and in phylogeny. If we 
suppose with the majority of men that 
the soul is an independent entity, which 
has nothing to do with the body origi¬ 
nally, but merely inhabits it for a time, 
and gives c.xpression to its experiences 
through the brain just as the pianist does 
through his instrument, we must assign a 
point in human embryology at which the 
soul enters into the brain ; and at death 
again we must assign a moment at which 
it abandons the body. As, further, each 
human individual has inherited certain 
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personal features from each parent, we 
must suppose that in the act of concep¬ 
tion pieces were detached from their souls 
and transferred U) the embryo. A piece 
of the paternal soul goes with the sperma¬ 
tozoon, and a piece of the mother’s soul 
remains in the ovum. At the moment of 
conception, when portions of the two 
nuclei of the copulating cells join together 
to form the nucleus of the stem-cell, the 
accompanying fragments of the imma¬ 
terial souls must also he supposed to 
coalesce. 

On this Dualistic view' the phenomena 
of psychic development are totally incom¬ 
prehensible. liiverybody knows that the 
new'-horn child has no consciousness, iu> 
knowledge of itself and the surrounding 
w'orld. livery parent who has impartially 
followed the mental deveK>pnient of his 
children w’ill find it impossible to deny 
that it is a case of biological evolutionary 
processes. Just as all other functions of 
the body develop in connection with their 
organs, so the .soul does in connection 
with the brain. This gradual unfolding 
^of the soul of the child is, in fact, so 
wonderful and glorious a phenomenon 
that every mother or father who has eyes 
to obscr\'e is never tired of contemplating 
it. It is only our manuals of psychology 
that know nothing erf this development ; 
w'e are almost tempted to think some¬ 
times that their authors can ne\’er have 
had children themselves. The human 
soul, as described in most of our psycho¬ 
logical works, is merely the soul of a 
learned philosopher, who has read a good 
manyliooks, but know’s nothing of evolu¬ 
tion, and never even rellects that his own 
soul has had a development. 

When these Du.'ilistic philosophers arc 
consistent they must assign a moment in 
the phylogeny of the human soul at w'hich 
it was first “ introduced ” into man’s verte¬ 
brate body. Hence, at the time w'hen 
the human body w'as evolved from the 
anthropoid body of the ape (probably in 
the Terliar}' period), a specific human 
psychic element—or, as people love to 
say, “a spark of divinity”—must have 
been suddenly infu.sed or breathed into 
the anthropoid brain, and been associated 
with the ape-soul already pre.sent in it. I 
need not insist on the enonnous theo¬ 
retical difficulties of this idea. I will only 
point out that this “ spark of divinity,” 
which is suppo.sed to distinguish the soul 
of man from that of the other animats, 
must be itself capable of development, 


355 

and has, as a matter of lad, progressively 
developed in the course of human history. 
As a rule, reason is taken to be this 
“ spark of d?vinity,” and is ^iupposed to 
be an exclusive posscsskHi of humanity. 
Rut comparative psychology shows us 
that it is quite impossible to set up this 
barrier between man and the brute. 
Either we take the word “ reason ” in the 
wider sense, and then it is found in the 
higher mammals (ape, dog, elephant, 
horse) just as well as in nii'st men ; or 
else in the narrower sense, and then it is 
lacking in most men just as much as in 
the m.'ijoiity of animals, t")!! the whole, 
we may still say of man’s reason what 
Goethe’s Mephistopheles said : — 

Life somewhat better miglit content him 

But for the gleam of lieavenly light that 
Thou hast given him. 

He calls it reason ; thence his power’s 
increased 

To be still beastlier than any beast. 

If, then, we must reject these popular 
;ind, in some respects, agreeable Dualistic 
theories as untenable, because inconsistent 
with the genetic facts, there remains only 
the opposite or Monistic conception, 
according to which the human soul is, like 
any other animal soul, a function of the 
centr-'i! nervous svstem, and devciopes in 
inseparable connection therewith. VVe see 
this imlot^eHctitally in every child. The 
biogenetic law compels u.s to affirm it 
phylo^ffu'/icaily- Just as in every human 
embrj o the skin-sense layer gives rise to 
the medullary tube, from the anterior end 
of which the five cerebral vesicles of the 
C'ranlotes are developed, and from these 
the mammal brain (iirst with the char- 
.icters of the lower, then with those of the 
higher mammals); and as the whole of 
this ontogenetic process is only a brief, 
hereditary reproduction of the same pro¬ 
cess in the phylogenesis of the Verte¬ 
brates; .so the wonderful spiritual life of 
the human race through many lhousand.s 
of years h.as been evolv'ed step by step 
from the lowly psychic life of the lower 
Vertebrates, and the development of every 
child-soul is only a brief repetition of that 
long and complex phylogenetic process. 
From all these facts sound rea.son must 
conclude that the still prevalent belief in 
the immortality of the soul is an unten¬ 
able superstition. I have shown its in¬ 
consistency with modern .science in the 
eljeventh chapter of The Riddle of the 
Universe. 

Here it may also be v\'ell to point out 
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the great importance of anthropogeny, in 
the light of the biogenetic law, for the 
purposes of philosophy. The speculative 
philosophers who take cognisance of these 
ontogenetic hrcts, and explain them (in 
accordance witli the law) phylogenfetically, 
will advance the great questions of philo¬ 
sophy far more than the most distin¬ 
guished thinkers of all ages have yet 
succeeded in doing. Most certainly cVery 
clear and consistent thinker must derive 
from the facts of comparative anatomy 
and ontogeny we have adduced a number 
of suggestive ide.as that cannot fail to 
have an influence on the progress of 
philosophy. Nor can it be doubled that 
the candid statement and impartial 
appreciation of these facts will lead to 
the decisive triumph of^ the philosophic 
tendency that we call “ Monistic ” or 
“Mechanical,” as opposed to the “ Dual- 
istic ” or “ Teleological,” on which most 
of the ancient, medieval, and mbdern 
systems of philosophy are based. The 
Monistic or Mech.'inical philosophy affirms 
that all the phenomena of human life and 
of the rest of nature arc ruled by fixed 
and unalterable laws; that there is every¬ 
where a necessary causal connection of 
phenomena; and that, therefore, the 
whole know^able universe is a harmonious 
unilj% a monon. It says, further, that ail 
phenomena .are due solely to mech;inical 
or efficient c.auses, not to final causes. It 
does not admit free-will in the ordinary 
sei^se of the w'ord. In the light of the 
Monistic philosophy the phenomena that 
we .arc w’ont to regard as the freest and 
most independent, the expressions of the 
human will, are subject just as much to 
rigid laws as any other n.atural pheno¬ 
menon. As a matter of fact, impartial 
and thorough examination of our “ free ” 
volitions shows that they are never really 
free, but always determined by antecedent 
factors that can be traced to either here¬ 
dity or adaptation. We cannot, there¬ 
fore, admit the conventional distinction 
between nature and spirit. There is 
spirit everywhere in nature, and we know 
of jio spirit outside of nature. Hence, 
also, the common antithesis of natural 
science and mental or moral science is 
untenable. Every sdence, as such, is 
both natural and mental. That is a firm 
principle of Monism, which, on its reli¬ 
gious side, we may also denominate 
Pantheism. Man is not above, but in, 
nature. 

It is true that the opponents of evolu¬ 


tion love to misrepresent the Monistic 
philosophy based on it as “ Materialism,” 
and confuse the philosophic tendency of 
this name with a wholly unconnected and 
despicable moral materialism. Strictly 
speaking, it would be just as proper to 
call our system Spiritualism as Material¬ 
ism. The real Materialistic philosophy 
affirms that the phenomena of life are, 
like all other phenomena, effects or pro¬ 
ducts of m.atter. The opposite extreme, 
the Spiritualistic philosophy, says, on the 
contrary, that matter is a product of 
energy, and that all material forms are 
produced by free and independent forces. 
Thus, .according to one-sided MateriaHsm, 
the matter is antecedent to the living 
force; according Iq the ec^ually one-sided 
view of the Spiritist, It is the reverse. 
Both views arc Dualistic, and, in my 
opinion, both are false. For us the anti 
thesis disappears in trtb Monistic philo¬ 
sophy, which knows neither matter with¬ 
out force nor force without matter. It Is 
.only necessary to reflect for some time 
over the question from the strictly scien¬ 
tific point of view to see that it is impos¬ 
sible to form a clear ide.a of either 
h3'pothesis. As Goethe said, “ Matter 
can never exist or act without spirit, nor 
spirit without matter.” 

The human “ spirit ” or “ soul ” is 
merely a force or form of energy, insepar¬ 
ably bound up with the material sub¬ 
stratum of the body. The thinking force 
of the mind is just as much connected 
with the structural elements of the brain 
as the motor force of the muscles with 
their structural elements. Our mental 
powers are functions of the brain as much 
as anj’ other force is a function of a 
material body. We know*of no matter 
that Is det’oid of force, and no forces that 
are not bound up with matter. When 
the forces enter Into the phenomenon as 
movements we call them living or active 
forces; when they are in a state of rest or 
equilibrium wc call them latent or poten¬ 
tial. This applies equally to inorganic 
and organic bodies. The magnet that 
attracts iron filings, the powder that ex¬ 
plodes, the steam that drives the loco¬ 
motive, are living inorganics; they act 
by living force as much as the sensitive 
Mimosa does when it contracts its leaves 
at touch, or the venerable Amphioxus 
that buries itself in thq sand of the sea, or 
man when he thinks. Only in the latter 
cases the combinations of the 
forces that appear as “ mdvement’ in the 
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phenomenofi are much more intricate and | 
difficult to analyse than in the former. 

Our study has led us to the conclusion 
that in the whole evolution of man, in his 
embryology and in his phylogeny, there 
are no living forces, at work other than 
those of the rest of organic and inorganic 
nature. All the forces that arc operative 
in it could be reduced in the ultimate 
analysis to growth, the fundamental 
evolutionary function that brings about 
the forms of both the organic and the 
inorganic. But growth itself depends on 
the attraction and repdlsion of homo¬ 
geneous and heterogeneous particles. 
Seventy-five years ago Carl Ernst von 
Baer summed up the general result of his 
classic studies of animal development in 
the sentence : “The evolution of the indi¬ 
vidual is the history of the growth of indi¬ 
viduality in every,respect.” And if we go 
deeper to the root of this law of growth, 
we find that in the long run it can always 
be reduced to that attraction and repul¬ 
sion of animated atoms which Empedocles 
called the “love and hatred” of the 
elements. 

Thus the evolution of man is directed 
by the same “ eternal, iron laws ” as the 
development of any other body. These 
laws always lead us back to the same 
simplb principles, the elementary prin¬ 
ciples of physics and chemistry. The 
various phenomena of mature onlydilTcr 
in the degree of complexity in which 
the different forces work together. Each 
single process of adaptation and heredity 
in the stem-history of our ancestors i.s in 
itself a very complex physiological phe¬ 
nomenon. Far more intricate are the 
processes of human embryology; in these 
are condensed and comprised thousands 
of the phylogenetic processes. 

In my General Morphology, which 
appeared in 1866, I made the first attempt 
to apply' the theory of evolution, as re¬ 
formed by Darwin, to the whole province 
of biology, and especially to provide with 
its assistance a mechanical foundation 
for the science of organic forms. The 
intimate relations that exist between all 
parts of organic science, especially the 
direct causal nexus between the two 
sections of evolution—ontogeny and phy¬ 
logeny—were explained in that work for 
the first time by transformisin,-»»d were 
interpreted philosophically in the light of 
the theory of descent. The anthropo¬ 
logical part qf the General Morphology 
(BoolcVti.) contains the first attempt to 
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determine the series of man’s ancestors 
(vol. ii., p. 4 j 8). However imperfect this 
attempt was, it provided a starting-point 
for further investigation. In the thirty- 
seven years that have since elapsed the 
biological horizon h:i.s been enormously 
widened; our empirical acquisitions in 
paleontology, comparative anatomy, and 
ontogeny have grown to an astonishing 
extent, thanks to the united cfTortft of a 
number of able workers and the employ- » 
ment of better methods. Many important 
biological questions that then appeared 
to be obscure enigmas seem to be entirely 
settled. Darwinism arose like the dawn 
of a new day of clear Monistic science after 
the dark niglit of mystic dogmatism, and 
wc can say now, proudly and gladly, that 
there is daylight m our field of inquiry. 

Philosophers and others, who are 
equally ignorant of the empirical sources 
of our evidence and the phylogenetic 
methods of utilising it, have even lately 
claimed that in the matter of constructing 
our genealogic.il tree nothing more has 
been done than the discovery of a “ gallery 
of .ancestors,” such as we find in the 
mansions of the nobility. This would be 
quite true if the genealogy given in the 
second part of this work were merely the 
juxtaposition of a series of animal forms, 
of which we gathered the genetic con¬ 
nection from tlieir external physiognomic 
resembhinces. As we have sufficiently 
proved already, it is for us a question of 
a totally different thing—of the morpho¬ 
logical and historical proof of the phylo¬ 
genetic connection of these ancestors on 
the basis of their identity in internal 
structure and embryonic development; 
and I think I have sufficiently shown in 
the first part of this work how lar this is 
calculated to reveal to us their inner 
nature and its historical development I 
see the essence of its significance precisely 
in tlie proof of historical connection. 1 
am one of those scientists who believe in 
a real “ natural history,” and who think 
as much of an historical knowledge of the 
past as of an exact investigation of the 
present. The incalculable value of the 
historical consciousness cannot be suffi¬ 
ciently emphasised at a time when 
historical research is ignored and 
neglected, and when an “ exact ” school, 
as dogmatic as it is narrow, would sub¬ 
stitute for it physical experiments and 
mathematical formulae. Historical know¬ 
ledge cannot be replaced by any other 
branch of science. 
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It is clear that the prejudices that stand 
in the way of a general recognition of 
this “ natural anthropogeny ” are still 
very great; otherwise the long struggle 
of philosophic systems would have ended 
in favour of Monism. But we may con¬ 
fidently expect that a more general 
act|uaintance with the genetic facts will 
gradually destroy tliese prejudices, and 
lead to the triumph of the natural con¬ 
ception of “man’s place in nature.” 
When we hear it said, in face of this 
expectation, that this would lead to retro¬ 
gression in the intellectual and moral 
development of mankind, 1 cannot refrain 
from saying that, in my opinion, It will 
be just the reverse; that it will promote 


to an enormous extent the advance of the 
human mind. All progress in our know¬ 
ledge of truth means an advance in the 
higher cultivation of the human intel¬ 
ligence ; and all progress in its applica¬ 
tion to practical life implies a correspond¬ 
ing improvement of morality. The worst 
enemies of the human race—ignorance 
and superstition—can only be vanquished 
by truth and reason. In any case, 1 hope 
and desire to have convinced the reader 
of these chapters that the true scientific 
comprehension of the human frame can 
only be attained in the way that we recog¬ 
nise to be the sole sound and effective 
one Inorganic science generally—namely, 
the way of Evolution. 
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